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PKEFACE  TO  THE  FOURTH  EMTTON. 


Tkb  Second  Edition  of  thU  book  wu  iasaed  in  April,  1893^ 
aod  Uio  Third  Edition,  oonsidentblf  enlarged,  in  October,  1898. 
In  tb«  protect  edition  nnmeroas  alterations  have  been  mada, 
which,  it  is  hoped,  may  bring  the  somewhat  wide  labject- 
matter  up  to  date.  Dr.  Eeilback'i  Lehrbuch  der  praktitAen 
Gwiogie,  isBtied  in  1896,  covera  for  the  most  part  a  differont 
fteld,  and  is  of  special  value  in  dealing  with  qaeatiooa  of 
Applied  geology.  The  present  book  has  always  umed  nt 
usisting  practical  enqniries  into  the  materials  of  the  earth's 
omst,  whether  from  the  point  of  view  of  pare  research  or  of 
may  special  enterprise.  It  mnst  never  be  forgotten,  however, 
that  praoUcal  geology  is  in  reality  a  study  of  the  open  ooontey 
in  the  open  air,  and  that  these  "  Aids"  are  intended  to  assist 
in  the  determination  of  what  the  eye  sees  and  the  hand  gathers 
on  the  moontain-side  or  in  the  plain.  For  those  who. take 
their  pleasure  in  learning  from  the  earth  around  them,  » 
amaller  volnme,  "Open- Air  Studies,"  has  been  written,  in 
which  special  appeal  is  made  to  the  rock-masses  in  the  field. 
Bnt  all  the  wide  developments  of  geology  must  rest  npon 
patient  determinative  work,  and  he  #ho  gives  db  a  new  piece 
«f  apparatus  for  the  laboratory,  or  determines  the  true  sncoes- 
sion  of  molloscan  species,  may  at  the  same  time  ftirnisb  the 
cine  to  some  long-sought  secret  of  the  earth. 

Few  changes  in  nomenclature  have  been  introduced  into  this 
edition,  and  the  limits  of  the  names  of  rocks,  and  even  of  fossil 
genera,  have  been  kept  as  wide  as  possible.  I  have,  therofore, 
thought  it  quite  as  unnecessary  to  relegate  Tertbratula  to  an 
obscure  position,  on  grounds  of  imperfect  definition  a  centurj 
<»  so  ago,  as  to  set  aside  "granite"  and  "basalt,"  and  a  score 
of  Guatomai7  petrographic  terms.      The  Strcpbomenidse,  bow- 
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ever,  clearly  required  revision,  even  at  Uie  expense  of  lerenJ 
irell-known  epeoiea.  The  only  change  that  aeema  to  need 
explanation  ia  the  adoption  of  De  Lapparent'a  term  "Oot- 
landian,"  in  place  of  the  coatomaiy  "Silurian"  or  "Upper 
SUnriaiL'*  The  convenience  of  thin  term,  aa  a  balance  to 
"  OrdoTidan,"  waa  brought  to  my  notice  by  Mr.  A.  H.  Daviea ; 
and  it  has  since  proved,  in  writing  or  teaching,  a  way  oat  of 
a  very  confiising  "situation.  Those  who  have  to  deal  frequently 
with  Uie  maps  and  memoirs  of  the  Geological  Survey  in  our 
islands,  or  with  classical  works  on  Silunan  areas  throughout 
Europe,  will  find  the  doable  nomenclature  an  aid,  and  not  a 
hindrance.  "Ordovician"  and  "Ootlandian"  soon  seem  like 
the  ChriBtim  names  of  two  brothers,  "Silurian"  remaining  as 
their  surname.  At  the  same  time,  it  must  be  remembered 
that  each  name  now  ranks  as  that  of  an  independent  system. 
The  Third  Edition  of  this  book  waa  greatly  assisted  by  the 
advice  of  Mr.  L.  Fletcher,  F.R.S.,  as  regards  the  description 
of  the  optical  properties  of  minerals,  and  by  Dr.  A.  H.  Foord, 
F.G.S.,  in  the  revision  of  the  fossil  cepbalopods.  Mr.  F.  A. 
Bather,  M.A.,  also  kindly  helped  me  in  tlie  choice  of  genera 
of  crlnoids.  In  this  present  edition,  I  bare  taken  advantage 
of  many  suggestions  made  by  friends,  notably  by  Mr.  J.  J.  H. 
Teall,  F.R.S.,  and  Prof  Bonney,  F.B.8.  The  latter  has  wished 
me  especially  to  call  attention  to  the  applications  of  the  micro- 
scope to  powdered  samples  of  rock  and  isolated  minerab.  I 
have  somewhat  emphasised  the  passages  dealing  with  these 
subjects,  and,  in  tbaaking  Prof  Bonney,  trust  that  the  im- 
portance of  the  study  of  solid  materials  side  by  side  with 
sections  may  never  be  overlooked  in  the  praoldce  of  geology. 

GRENTILLE  A.  J.  COLR 

Duxlhi,  April,  1W2L 
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PEEFACE  TO  THE  FIKST  EDITION. 


This  little  work  is  intended  as  a  companion  to'any  ordinaiy 
text-book  of  geology ;  and  it  ia  hoped  that  it  may  be  of 
special  service  to  those  students  who  have  made  excursions 
into  the  field,  and  who  wish  to  determine  their  specimens 
for  themselves.  Mr.  Joshua  Trimmer,  in  1841,  issued  his 
PnutiecU  Geology  and  Mmeralogy,  with  the  object  of  en- 
couraging readers  who  were  beyond  the  reach  of  oral  in- 
struction. The  book  necessarily  contained  some  theoretical 
matter ;  but  at  the  present  day  the  abundance  of  excellent 
text-books  has  enabled  these  Aida  in  Practical  Geology, 
while  originating  in  the  same  idea,  to  be  kept  within  still 
stricter  limits. 

The  section  on  blowpipe-work  has  been  inserted  as  an  fud 
to  travellers ;  while  the  description  of  the  hard  parte  of  fossil 
invertebrates  will  probably  assist  those  readers  who  find  it 
impossible  to  distinguish  genera  by  means  of  mere  names  - 
and  figures.  In  arranging  the  genera  thus  discussed,  those 
forms  have  been  first  dealt  with  which  exhibit  most  com- 
pletely the  characters  of  their  class  or  subdivision.  Hence 
highly  developed  types  are  often  treated  of  before  those 
which  may  have  preceded  them  in  time,  or  which  may  have 
degenerated  from  them.  By  kind  permission,  I  have  been 
able  to  utilise  many  of  the  figures  of  fossils  illustrating  '' 
Phillips's  Manttal  of  Geology,  and  have  supplemented  these 
by  a  few  sketches  and  diagrams  explanatory  of  special 
features. 

A  large  section  of  the  book  has  been  devoted  to  rocks  and 
to  the  ordinary  minerals  of  the  earth's  crust,  since  these  will 
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altraya  present  themselTes  to  the  observer  during  any  ex* 
pedition  or  in  any  counby.  As  for  the  names  used  fw 
:  igneous  rocks,  I  have  endeavoured  to  retain  the  comprehen- 
uve  terms  of  pioaeera,  saoh  as  d'Aubaisson,  Brongniart,  and 
Hatty.  The  more  exact  deterraioative  knowledge  of  the 
present  day  has  introduced  us  to  many  new  rock-varieUes ; 
but  these  can  be  distinguished  by  the  addition  of  a  meoei 
'  mineral  prefix. 

In  1878  Prof.  J.  W.  Judd,  F.RS^  ot^anised  the  instruction 
in  Practical  Qeology  at  the  Royal  School  of  Mioes  in  London ; 
and  it  is  difficult  to  express  briefly  how  much  this  book 
owes,  in  respect  of  any  merit  it  may  possess,  to  the  coarse* 
then  instituted  and  continuously  developed  from  year  to 
year.  Mygreat  indebtednesat  also,  to  Prof.  Judd's  published 
papers,  and  to  the  works  of  Brush,  Lacroix,  L^vy,  Rosea- 
busch,  Teall,  Zirkel,  and  Zittel,  will  again  and  again  be 
apparent  in  the  text.  Numerous  friends  have,  in  addition, 
assisted  me  &om  time  to  time.  At  tbe  risk  of  passing 
over  some  of  the  most  generous,  I  must  express  my  sincere 
thanks  to  Measre.  J.  E.  Duerden,  L.  W.  Fuleher,  J.  W. 
Oregory,  and  T.  H.  Holknd.  And  let  me  add,  with  Isaak 
Walton,  that  "I  have  found  a  high  content  in  tbe  search 
and  conference  of  what  is  here  oflered  to  the  reader's  view 
and  censure ;  I  wish  him  as  much  in  tbe  perusal  of  it." 

GRENVILLE  A  J.  COLE. 
DoBLOt,  Daeanbtt,  189a 
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AmS  IN  PRACTICAL  GEOLOGY. 

PART    I. 
THS  SAMPLINO  OF  THE  EABTH'S  CRUST. 


"  A  {omI  shell  may  mt«mt  k  coDohologutt  tlioa^  ha  ba  ignorant  of  the 
locality  from  whioh  it  cune ;  bnt  it  will  M  of  more  TKlne  when  ha  laama 
with  what  other  apeciai  it  was  aanxaated,  whether  they  were  marine  or 
freebwater,  whether  the  Btrat*  oonttuning  Uiem  were  at  a  oertain  eleratiou 
above  the  laa,  and  what  relative  position  they  held  m  rMLrd  to  other 
gronpiof  strata."— CHABiin  Ltiix,  Prmdplt*  ^f  Omiogy,  toL  L,  1B30. 


OV  OKBTAIM  OB8EBTATIOH8  IH  TBI  WIELD. 

Thx  examimtioD  of  th«  feftturw  presented  by  the  Euth's  crmt 
in  any  looality,  with  the  object  of  learning  lomething  of  its  past 
history,  must  always  be  one  of  the  most  delightfiil  of  occupations; 
and  the  material  advantages  arising  ftom  a  oorrect  detenni nation 
of  minerals  and  rooks  are  obvious  to  every  traveller.  Snob  aids 
in  determinative  geology  as  are  given  in  the  following  pages 
may  be  applied  in  any  haltiag-place,  or  in  oities  after  the  return 
fimm  an  expedition ;  bnt  in  any  case  observations  made  on 
specimens  are  of  slight  importaaoe  if  nnoonpled  with  knowledge 
irf  their  tme  position  in  the  field 

The  Musenm-Onrator,  for  instanoe,  has  duties  of  an  tnvalaable 
ehantcter.  He  brings  together,  collates,  and  arranges  the  types 
and  varieties  described  by  authors,  adding  to  them  by  his  own 
■peoial  knowledge,  and  Uins  forming  a  series  with  which  any 
new  specimen  can  be  easily  and  accurately  oompared.      To 

] 


5  OBBERTATIOirS  IN   THE   FIELD. 

'  him  the  Earth  becomes  a  great  reality,  for  he  surveys  it  through 
the  extent  of  his  oollections  and  his  studies ;  but  the  ordinary 
student,  gathering  together  &  few  relics  fivm  the  curiosity- 
cabinets  of  relatives  and  triends,  finds  that  they  appeal  to  him 
but  little;  they  have  no  associations,  they  have  long  been 
separated  from  their  kindred,  they  are  "  fossil "  in  the  worst  of 
senses.  But  let  him,  having  a  knowledge  of  first  prinir.pleB  and 
of  museum-types,  go  out  to  see  things  for  himselfl  Furnished 
with  the  maps  and  books  of  experienced  workers,  let  him 
re-examine  the  evidence  on  which  they  have  relied.  A  week's 
holiday  thus  spent  amid  varied  sarroundings,  as  on  the  Welsh 
border,  or  in  Antrim,  or  around  Edinbu^b  or  Bristol,  will 
provide  material  for  long  and  careful  study.  Once  in  the  field, 
the  complexity  of  the  subject  will  dawn  upon  him  ;  but  at  the 
same  time  he  becomes  assured  that,  wherever  be  may  wander,  he 
will  find  congenial  work.  The  first  visit  to  a  district  commonly 
raises  numbOTless  questions,  when  the  specimens  gathered  ai-e 
examined  at  his  leisure ;  and  the  suggestions  of  the  laboratory 
or  the  microscope  must  be  tested  in  a  second  or  third  excursion 
t^  re-examiiiAtion  of  the  relations  of  the  rock-ma-sses  in  the 
field. 

In  tlie  field  itself  broad  names  are  assigned  to  objects,  detailed 
determination  being  left  for  comparative  and  instmmenial 
work ;  but  in  these  after-hours  of  study  every  scene  comes  back 
vividly  before  as,  and  even  the  lichens  that  may  yet  cling  in 
hollows  and  betray  the  collection  of  an  imperfect  and  weathered 
specimen,  serve  their  turn  with  the  naturaliat  and  remind  him  of 
the  wide,  open-air,  and  eminently  natural  character  of  his  work. 

The  art  of  observing  in  the  field,  and  of  balancing  the  evidence 
of  various  exposures,  must  be  to  a  great  extent  learnt  by  oral 
tradition  and  personal  guidance ;  and  the  study  of  any  geological 
map,  with  its  outliers,  its  sinuous  outcrops,  its  inliers,  its 
repetitions  by  faults  or  foldings,  should  be  carried  on,  wherever 
possible,  in  the  actual  district  that  has  been  mapped.  The 
practical  construction  of  maps,  and  of  sections  from  them,  is 
discussed  in  Sir  A.  Qeikie's  Oudinea  of  Field  Geology  { Macmillan 

6  Co.),  and  Penning's  Field  Geology  (Baillifere,  Tindall  &  Cox). 
The  examination  of  a  country  like  Britain,  or  any  part  of 

western  Europe,  frvm  the  point  of  view  of  a  student  anxious  to 
grasp  the  salient  features,  the  connexion  between  undeivround 
and  surface  characters,  has  been  immensely  facilitated  by  the 
modem  development  of  cycling.  Traverse  after  traverse  of  a 
country  may  be  made  with  some  handy  geological  map  carried 
in  a  capacious  tool-bag,  together  with  a  hammer,  heavy  enough 
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to  invMtigate  eaoli  wayside  exposure.  The  phjsical  geology,  dip- 
tlopes  and  eaoarpments,  alluTi&l  plftina  or  monatain-goiges,  become 
very  real  to  travellers  on  the  ro&d;  and  the  repetition  of  the  same 
featoree  in  the  same  order  in  suocessiTe  trsrerses  comes  apon  one 
with  admir&ble  distinctness,  and  gives  »  key  to  the  structure  of 
-wide  areas.  When  the  general  grouping  of  the  strata  has  been 
grasped,  attention  can  be  paid  to  some  limited  district  But 
even  here  a  bicycle  or  tricycle  ready  to  hand  is  of  oonsiderable 
TsJne.  Though  days  and  weeks  may  be  spent  on  foot  up 
and  down  rugged  exposures,  or  across  broad  cultivated  lands  set 
with  little  quarries,  as  in  tJje  Ootteswolds,  every  now  and  then 
compuison  becomes  desirable  with  some  distant  point,  and  the 
road  is  taken  without  delay.  The  interrening  country  may  ha 
reviewed  in  passing ;  when  local  work  is  completed,  a  different 
route  can  be  taken  in  returning;  and  thus  bints  are  received 
and   sections  examined   which  otherwise   might   have  entirely 

And  this  matter  applies  also  to  geolc^cal  observations  Id 
districts  invitinx  by  Uieir  wildness.  If  the  student  of  the 
Grampians,  the  Juras,  or  the  Alps,  can  find  time  to  approach 
them  mile  by  mile  along  the  highways,  following  up  the  rivers 
that  flow  &om  them,  tracing  afar  off  the  limits  of  the  lowland, 
the  first  curvings  of  the  foot-hills,  the  ohange  from  pasture  to 
moorland,  from  moor  to  desolate  crag,  he  gains  a  most  vivid 
appreciation  of  his  surroundings  when  he  arrives  at  the  locality 
of  his  work.  And  just  as  the  district  in  which  he  finally  settles 
acquires  dignity  from  its  wide  associations,  so  his  very  spedroens 
aiid  chips,  whenever  studied,  come  to  have  a  truly  geological, 
not  merely  mineralogical  or  palffiontological  sigikificance.  Even 
a  microscopic  slide,  amid  such  memories,  seems  to  asenine  its 
place  in  natura 

The  instrnmeots  used  in  the  field  should  be  noticed  here. 
First  in  importance  is  the  hammer,  which  may  vary  much  in  size 
and  weight  with  the  work  proposed,  and  which  may  easily  err  in 
being  too  heavy,  as  well  aa  in  being  too  light  Before  under- 
taking any  long  expedition,  the  head  and  shaft  should  be  well 
tested^  and  the  form  of  handle  that  cramps  the  hand  least  should 
be  selected.  A  handle  too  small  in  eircu inference  is  liable  to 
cause  blisters,  or  at  any  rate  to  pain  the  hand,  during  long  use 
«n  refractory  materials. 

For  moat  kinds  of  work,  a  flat  end  to  the  head  about  1  inch 
•qnare  seems  most  suitable ;  the  other  end  should  be  chisel- 
sbaped,  and  there  are  many  reasons,  easily  seen  in  practice,  why 
the  chisel-edge  should  run  horisontally,  not  vertically,  when  the 
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h&mmer-handle  is  held  upright.  A.  Btrong  ude-raason  when 
working  in  hillnjiatricts  ig  that  a  aeoure  hold  can  often  bo 
obtained  in  Rsoending  or  oroflung  alieep  gtus-sloiiea,  by  dnving 
the  chisel-«nd  tA  each  step  into  the  soil. 

A  shup  piok-like  termination  may  Bometimea  be  lueful,  in 
place  of  the  ohiael-edge,  for  splitting  open  Iuidm  of  soft  rock 
when  seeking  fossils,  or  for  laying  hold  of  and  Drilling  down 
materials  that  are  beyond  the  reaoh  of  the  arm  alone.  Bat  for 
general  parposes,  trimmine  of  specimens,  wedging  oat  blockn, 
and  BO  forUi,  the  chisel-eoge,  some  1  inch  or  eo  broad,  is  in- 
Taloable. 

Where  much  oolleoting  is  to  ba  done,  weight  becomes  an 
object;  and  the  reduction  of  speoimens  to  a  convenient  miniinam 
sise  in  the  field  is  always  desirable,  since  any  accidental  firscture 
can  be  remedied  by  at  onoe  securing  another  specimen.  Hence 
a  light  trimming  hammer  proves  a  great  additional  convenience, 
and  the  risk  to  speoimens  daring  trimming,  particularly  when 
tbey  contain  fossils,  is  thns  very  much  reduced. 

Though  many  geologists  prefer  to  dispense  with  a  ChlBSl,  there 
is  no  doubt  of  its  convenience  where  blocks  of  rook  have  to  be 
worked  out  irom  a  cIifF-fiu3e,  or  in  any  place  where  the  hammer 
fails  to  get  an  easy  hold.  A  good  "cold  chisel,''  some  4)  to  5 
inches  in  length,  is  suitable.  If  it  is  too  short,  it  may  become 
driven  in  down  joint-cracks  before  its  work  is  done  and  before 
tiie  block  is  wedged  away  from  the  parent-mass. 

Elaborate  hammer-belts  seem  quite  unnecessary.  The  speci- 
men-bag is  commonly  slung  by  a  strap  passing  over  the  right 
shoulder,  so  that  it  can  be  steadied  and  partly  supported  by  t^e 
left  hand  when  it  becomes  full  and  heavy.  An  additional  str^ 
for  the  hammer  cumbers  the  chest,  and  even  in  a  belt  the  head 
has  to  be  prevented  from  touching  and  wearing  through  the 
clothes.  It  is  simple  enough  to  slip  the  hammer  into  the  side- 
bag  itself,  the  handle  projecting  from  the  forward  end  under  the 
flap.  The  left  hand,  by  resting  on  the  handle,  can  then  easily, 
during  long  walking,  keep  the  bog  from  rubbing  unpleasantly 
on  the  hip. 

The  bag  itself  should  be  light  and  strong,  with  two  strongly 
attached  buttons,  rather  than  straps,  to  close  the  flaps,  bo  that  no 
time  is  lost  in  opening.  On  moving  from  each  collecting-place  it 
must  invariably  be  closed,  as  a  slight  slip  or  twist  when  oUmbing 
may  deprive  the  observer  of  valuable  spoils.  In  rounding  rocky 
slopes'  it  is  best  to  keep  the  bag  slung  well  upon  the  back;  if 
on  the  outside,  it  tends  to  destroy  the  balance  in  the  wrong 
direction;  if  on  the  inside,  it  thrusts  the  body  away  from  the 
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rocka,  and  ii  also  liable  to  catch  during  any  rapid  moT«iueiiu 
In  jumping,  as  across  little  stream-cuts,  it  will  soon  be  found 
that  the  htutd  should  steady  it  from  below. 

A  reoeptacte  that  proves  extremely  light  and  satiafiuitory  is  the 
rubber  "game-bag,"  covered  with  thin  cloth,  whioh  is  procurable 
•t  some  water-proof  dealers.*  The  price  ia  about  6a.,  and  the 
supporting  rings  and  straps  are  geaenilly  strong.  Though  liable 
in  old  age  to  be  finally  cut  through  by  shup  rocka,  the  material, 
«ven  when  perforated,  does  not  fray  away. 

It  is  Bcaroely  necessary  to  mentioa  a  walUng-Btiok  as  part  of 
ilie  Mologisfs  equipment,  for  it  is  indispensable  on  steep  or 
roughioh  ground.  It  should,  at  anv  rate,  be  never  left  behind 
where  long  slopes  and  Taluses  are  in  question,  since  its  use  will 
make  observations  possible  that  might  otherwise  involve  genuine 
risk.  Among  rocks  it  may  sometimes  be  neoessarj  to  uirow  it 
over  in  advanoe ;  but  to  descend  dry  grass-slopes  without  a  stick 
is  undoubtedly  time-consuming  and  vexatious.  Mountaineers 
will  forgive  our  reminding  the  geological  student,  who  will  often 
find  himself  in  sitnatdons  all  the  more  pleasant  for  being  on- 
fitmiliar,  that  a  steep  hill-side  should  be  traversed  with  the  stick 
in  the  inside,  not  in  the  outside  hand. 

A  OOmpaBS  is  a  necessity  for  the  pedestrian.  It  may  be  oom- 
Inned  with  the  elinometer,  as  in  the  convenient  box-instruments 
«ften  mode.  Many  of  these,  however,  do  not  allow  snfGcient 
length  in  the  edge  which  is  to  be  held  co-incident  with  the  line 
of  dip  observed.  Any  one  can  construct  a  clinometer  from 
an  ordinary  protractor;  a  swinging  index,  or  even  a  weighted 
thread,  being  hung  from  the  centre  of  the  straight  edge  so  as  to 
reach  the  graduated  arc  Of  course  the  90*  marked  on  the  pro- 
tractor reads  aa  0*  when  a  dip  is  to  be  token ;  thus,  if  the  index 
points  to  84*,  the  dip  is  6',  and  so  on. 

In  observing  a  dip,  the  plane  of  the  graduated  aro  of  the  clino- 
meter must  be  held  parallel  to  a  vertical  rock-&ce  onwhich  the  beds 
appear  exposed,  and  the  distance  between  the  eye  and  the  rocks 
should  be  reasonable,  in  order  that  the  straight  edge  may  appear 
•coincident  with  a  considerable  lenzth  of  the  dipping  strata.  The 
instrument  is  tilted  until  this  ei^  appears  to  he  along  some 
well-marked  line  of  stratifioation;  the  plummet  or  index  then 
]h>tntB  to  an  angle  equal  to  the  angle  of  dip  observed.  Several 
observations  are  desirable  as  checks  to  one  another;  any  evidence! 
4^  leutioular  or  current-bedding  must  be  noted;  and  the  compass- 
bearing  of  the  fiuw  of  rock  tttilised  must  also  be  observed. 
*  Ueiira  Walklay  ft  Co.,  6  Struid,  LoDdon,  lupply  thasa. 
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The  dip  thus  fonnd  is  very  probably  ooly  an  apparent  dip,  and 
is  leas  than  the  true  dip,  which  runs  in  some  other  direction. 
Two  or  more  observationij  token  near  to  one  another  will  settle 
this  point.  Thas  where  there  are  two  dips  stien  on  different 
walla  of  the  same  quarry,  or  in  closely  odjoiniiig  quarries,  and 
where  these  are  evidently  not  due  to  mere  la4^  slipiiiugs  or 
to  the  very  common  creep  of  the  higher  beds  down  the  slope  of  a 
hill-side,  then  the  direction  and  amount  of  the  true  dip  can  be 
found  by  the  simple  geometKcal  method  of  Mr.  W.  H.  Daltou.* 
The  directions  of  the  walls,  or 
rock-faces,  on  which  the  dips  are 
seen  are  determined  with  the 
compass,  and  two  liues  are  drawn 
to  represent  them  on  paper, 
giving  the  angle  rab  (fig.  I). 
Should  one  dip  in  the  actual 
quarry-sections  incline  towards 
a  and  the  other  away  from  a, 
one  of  the  lines  drawn  mttst  be 
produced,  so  that  the  dips  repre- 
eented  in  direction  by  the  lines 
a  h  and  a  r  both  either  incline 
towards  or  away  from  a. 

Draw  a  e  [>erpendicular  to  ab, 
and  of  any  convenient  length. 
Bay,  for  greater  accuracy,  about  3  inches  j  and  draw  a»  per- 
pendicular to  a  r  and  equal  to  a  e.  From  e  and  »  draw  lines 
making  with  a  e  and  a  s  respectively  angles  equal  to  the  comple- 
ments of  the  observed  angles  of  dip,  and  cutting  a  b  and  ar  ia  d 
and  t.  Then  the  angles  ade  and  a t b  represent  the  angles  of 
observed  dip  along  the  directions  a  b  and  a  r  respectively. 

Join  d  t ;  this  line  represents  the  strike  of  the  beds,  a  e, 
drswn  from  a  perpendicularly  to  it,  gives  us  the  direction  of 
true  dip.  Draw  a/ perpendicular  to  as  and  equal  toaeora«; 
join  /«.  The  angle  a  ef,  when  measured  with  a  protractor,  gives 
the  amount  of  the  true  dip. 

The  matter  la  clear  if  the  three  triangles  ast,  aed,  and  a/e 
are  imagined  as  bent  up  so  aa  to  atand  perpendicularly  to  the 
plane  a  t  d,  which  remains  horizontal.  The  points  s,  e,  and  f 
ooincide,  and  a  plane  laid  upon  the  dipping  linea  « t,fe,  and  e  d 
will  represent  truly  a.  sur&ce  of  one  of  Uie  strata  observed  in  the 
field,  when  both  the  apparent  dips  were  inclined  away  from  a. 


Fig.  1. 


■  Qtol.  Mag.,  1873,  p.  333. 
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(/(  iaa  horizontal  line  in  this  surface,  und  is  therefore  the  strike; 
the  line  fe,  qov  perpendicular  to  it,  and  also  in  tht  same  eurlace, 
rupresents  the  true  dip  both  in  compass-bearing  and  in  inclination 
to  the  horizontal.* 

If  both  the  observed  dips  are  inclined  towards  the  point  a,  it 
is  clear  that  the  same  construction  suffices,  only  the  arrow  set 
down  upon  the  map  to  indicate  direction  mnst  point  nlong  aa 
towards  a  and  not  away  from  it. 

Graphic  methods  like  the  foregoing  serve  the  geologist  far 
better  than  any  system  of  elaborate  tables.  Provided  the  scale 
of  the  drawing  is  sufficiently  large,  the  errors  of  obRervation  in 
the  field,  owing  to  the  small  exposures  studied,  will  be  greater 
than  any  that  can  be  introduced  aiterwards  by  measurement 
from  a  carefully  constructed  drawing. 

To  find  the  relation  of  the  point  where  observations  are  being 
made  to  features  marked  npon  the  map,  and  thus  in  one's  notes 
to  localise  the  obsi;rvation,  is  often  difficult  in  a  wide  and  open 
country.  Even  the  map  on  the  scale  of  6  inches  to  a  mile 
cannot  represent  every  rock  and  projecting  boss,  and  measure- 
ments must  be  made  extending  from  some  recognisable  point  to 


Fig.  2. 

the  place  of  observation.  The  tape-meaBiiTe,  so  important  in 
determining  the  thicknesses  of  beds  on  faces  of  a  quarry,  is  often 
of  use  in  direct  measurement  on  the  surface  of  the  ground,  for 
which  purpose  it  should  be  at  least  40  feet  in  length.  Mere 
pacing  over  the  interval  is  sufficiently  accurate  in  many  cases ; 
but  where  the  position  in  azimuth  can  be  found,  and  it  is  a 

*  Thouffb  dip  and  strike  are  commonly  cnnsidered  together,  the  Difi 
may  be  defioed  independently  a«  the  line  of  greatest  inclination  to  the 
horiznn,  ind  the  Slrikt  as  ttae  direction  of  b  horizontal  line,  In  the  plane 
snrface  of  any  bed. 
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<|ueBtioa  of  tow  high  above  or  how  &f  below  some  known  point 
we  ttre  standing,  the  little  instrument  known  as  Abney's  leyel 
<lig.  2)  IB  of  constant  service.  This  level  '  is  a  combination  of  a 
contourin^lasa  with  a  graduated  arc  and  rotating  spirit-level, 
80  that  fairiy  aoonrate  altitude-readings  can  be  taken.  Within 
a  horizontal  tube,  square  in  crosB-section,  is  an  inclined  metallic 
mirror,  which  extends  half-way  across,  the  tube,  its  lower  edge 
being  straight  and  horizontaL  Through  an  aperture  in  the 
upper  side  of  the  tube  this  mirror  reflects  the  bubble  of  a  little 
spirit-level,  which  is  attached  to  an  index-arm  and  can  be  rotated 
hj  the  finger  in  a  ▼ertdcal  plane.  The  index-arm,  bearing  a 
vernier  reading  to  10  seconds  of  arc,  moves  over  a  semi-circle 
graduated  in  degrees. 

For  contouring — i.e.,  determining  a  chain  of  points  at  the 
some  level  above  the  sea  as  that  from  which  we  start — the  index 
is  adjusted  to  the  zero-point,  and  the  tube  containing  the  spirit- 
level  thus  becomes  accurately  parallel  to  the  eye-tube.  On 
looking  through  thu  latter,  and  shifting  it  in  altitude  till  the 
image  of  the  bubble  is  exactly  bisected  by  the  horizontal  edge  of 
the  mirror,  any  object  seen  through  the  tube  to  coincide  with 
that  edge  is  on  the  same  horieon  oi  contour  as  the  eye  of  the 
observer.  By  proceeding  nearer  to  that  point  and  levelling  on 
from  it  to  one  more  distant,  the  chain  of  points  may  be  estab- 
lished. 

By  this  means,  even  when  only  scattered  heights  and  not 
contour  lines  are  set  down  upon  the  map,  the  height  above  sea- 
level  of  some  point  near  the  place  of  observation  can  finally  be 
determined.  Such  a  point  being  known,  the  use  of  the  level 
will  determine  the  height  of  any  other,  provided  it  is  reasonably 
accessible.  Keeping  the  index  still  at  zero,  the  observer,  if  the 
point  to  be  determined  is  above  that  already  sscertained,  stands 
upright  at  the  known  point  and  levels  through  the  tube  at  the 
slope  above  him.  Selecting  some  prominent  atone  or  grass-tufb 
that  appears  on  the  edge  of  the  mirror  when  the  bubble  is 
bisected,  he  walks  to  this  point  and  repeate  the  observation. 
By  a  succession  of  such  observations,  which  may  be  made  along 
the  direct  tine  between  him  and  his  goal,  or  tdong  as  sigzag  a 
ooarse  as  the  nature  of  the  ground  may  dictate,  he  finally  arrives 
at  the  point  the  height  of  which  is  to  be  found.  The  number  of 
times  the  observation  has  been  repeated,  multiplied  by  the 
height  of  his  eye  above  the  ground,  as  measared  with  a  tape 

*  Made  by  Mesm.  Tronghton  k  Sinuot  and  otiier  optioiaDa  ;  price  abont 
40s.  Heasrs.  Ilonghton  ft  Simms  also  make  a  abater  initrniDent  of  th* 
same  kind. 
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wheD  standing  upright,  gives  the  total  height  that  must  be  added 
to  tJiat  originally  ascertained. 

Similarly,  if  the  unknovn  point  is  below  the  known  one,  the 
leTelling  starts  from  the  former  and  rises  to  the  latter. 

So  fkr,  a  simple  level,  abont  1  foot  long,  with  sights  at  eaob 
4ad  and  a  little  folding  mirror  just  above  it  to  show  the  bubble 
when  it  is  being  held  level  in  tlie  hand,  will  serve  for  these 
and  similar  contouring  observations.  But  the  convenience  of 
Abney's  level  is  that  it  can  be  also  used  for  reasonably  aoourate 
determinations  of  the  heights  of  olifis,  and  the  tiucknesses  of 
great  divisions  of  strata  displayed  on  them.  Thus,  if  a  level 
shore  can  be  obtained,  two  observations  of  altitude  taken  at  a 
measured  distance  &om  one  another  will  determine  the  height 
of  any  part  of  a  rock-&oe.  The  tube  of  the  instrument  ia 
directed  towards  the  point  in  question,  and  the  spirit-level  is 
rotAted  nntil  the  bubble  appears  bisected.  Kemoving  the  instru- 
ment from  the  eye,  the  index  will  indicate  the  angle  which  the 
eye-tube  made  with  the  horizontal  during  the  observation.  In 
drawing  out  the  results  graphicaily,  the  height  of  the  eye  from 
the  ground  will  again  have  to  be  taken  into  account. 

Moreover,  this  level  works  excellently  as  a  clinometer,  and 
thus  enables  one  to  dispense  in  practice  with  any  other  instru- 
ment Hot  measuring  angles.  Since,  in  the  forms  made,  the  babble 
is  not  always  visible  when  the  gi-aduated  arc  faces  the  observer, 
the  instrument  should  be  turned  round  so  that  the  spirit-level  ifl 
nearest  to  the  eye.  The  edge  of  the  eye-tube,  which  for  this 
porpoae  might  easily  be  made  a  little  longer,  serves  as  the 
straight  edge  of  the  clinometer.  When  it  is  adjusted  so  as  to 
appear  coincident  with  the  line  of  dip,  rotate  the  spirit-level 
until  the  bubble  is  se^i  to  lie  centrally  in  its  tabe.  The  angle 
at  whiob  the  main  tube  has  been  inclined  to  the  horizontal  will 
be  aocuntely  shown  by  the  position  at  which  the  index  now 
iWids.  After  the  spirit-level  has  been  rotated  so  as  to  become 
horizontal,  the  coincidence  of  the  straight  edge  and  the  dip  must 
be  carefully  checked,  lest  the  hand  supporting  the  instrument 
should  have  shifted  its  position. 

A  common  triplet  pocket-lens,  or  any  useful  form  that  will 
bear  rough  usage,  mast  always  be  carried  in  the  field,  as  indeed 
it  shoold  be  carried  by  the  geological  observer  every  day  of  his 
life,  whether  in  town  or  country.  A  note-book  without  ruled 
pages,  so  that  outline-sketches  may  be  added  to  the  ordinary 
notes,  can  be  kept  ready  in  the  side-pooket. 

Seeing  that  the  page  of  a  field  note-book  is  necessarily  small, 
it  is  a  good  plan  to  carry  sheets  of  the  size  of  writing-paper  in 
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one's  pooket-book,  folded  in  quarters.  Suoh  paper  can  be  nn- 
folded  to  snit  the  nature  of  the  aketcb. 

Facility  in  drawing  the  ontJinM  of  scenery  oomei  with  pnctioe, 
and  a  sketch  should  be  made  of  every  critioU  area  or  section,  the 
points  being  lettered  to  facilitate  reference  in  the  notes  or  on  th& 
labels  of  specimens. 

Lastly,  the  geologist  who  knows  bow  to  treat  and  use 
a  fountain  -  pen  will  never  be  without  it  in  tlie  field.  For 
preoieion  of  line  in  sketching,  for  writing  on  loose  pieces  ot 
wrapping-paper,  which  may  be  waving  in  the  wind,  or  on 
smooth  surfaces  of  the  specimens  themselves,  there  is  no  com* 
parison  between  the  ntility  of  an  ink'pen  and  a  penciL  Speci- 
mens may  ondei^  various  hardships  during  travel,  and  may 
remain  packed  up  for  months ;  but  their  li^ls,  if  written  in 
ink,  will  be  always  black  and  legibla 


CHAPTER    IL 

ON  THB   OOLLKOnOK  AND  PACKIHQ  OF  BPE0IHBN9. 

Except  in  the  case  of  brilliant  examples  of  minerals,  or  of  fossils 
exhibiting  characters  in  an  unusually  fine  state  of  preservation, 
specimens  are  of  little  utility  or  interest  to  the  geologist  unless 
gathered  actually  in  aiitt.  A.  tains-heap,  still  worse  a  road-heap, 
the  materials  of  which  may  have  come  from  anywhere,  aObrds 
very  tempting  but  very  misleading  materiaL  Some  "  Bpecimens  " 
seen  in  their  tnie  position  are,  however,  far  too  large  to  be 
carried  away.  In  such  cases  a  sketch  giving  dimensions,  or  a 
photograph,  must  suffice,  and  chips  from  various  parte  may  serve 
subsequently  aa  illustrations  of  tbe  whole. 

Hints  are  scattered  through  the  following  pages  as  to  the 
points  to  be  regarded  in  selecting  specimens  of  various  kinds. 
We  need  only  note  here  that  soils  are  best  collected  in  artificial 
cuts  or  on  the  banks  of  streams,  some  2  feet  or  so  below 
the  ordinary  cultivated  aud  altei'ed  surface.*  Well  developed 
crystals  of  minerals  are  to  be  hoped  for  only  in  cavities  and  on  the 
walls  of  open  joints ;  while  rock-specimena  should  be  broken  out 
from  larger  masses,  so  as  to  secure  fresh  unweathered  surfaces. 
It  is  often  useful,  however,  to  show  the  amount  of  resistance  of 


"  Von  Richthofeo,  FOhrtrfilr  ForKhungareUende  (1888),  p.  28. 
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the  rock  to  atroospherio  action  \>j  collecting  the  Biir&ce-orust 
niao.  The  difference  of  ooloar  between  such  crusts  and  tbe- 
interior  is  often  striking,  as  may  be  seen  in  brown  clay-blocks- 
with  blue  cores,  or  in  the  blue-grey  "feUtones"  of  Wales,  which 
weather  to  a  porcellanons  white. 

Fossils  may  often  be  gathered  in  a  good  washed-oat  conditioa 
on  the  loosely  coherent  banks  immediately  below  the  outcrop  of 
the  beds  in  which  they  properly  occur ;  but  no  pains  must  be 
spared  in  collecting  from  the  horizons  themselves,  although  th& 
specimens  thus  obWned  may  emerge  fractured  and  otherwise- 
obscured.  The  tueemblaga  of  forms  should  be  &irly  represented 
in  a  collection,  since  it  is  well  known  that  the  mere  &ct  of  th» 
occnmnoe  of  a  particular  species  does  not  necessarily  mark  a. 
■one. 

Curious  errors  of  locality  often  arise,  which  are  due  to  the 
indefatigability  of  man.  Thus  remarkable  rocks  are  carried  for 
long  distances  to  decorate  the  window-sills  of  cottwes,  and  after- 
wanls  become  cast  out  upon  the  hills  to  puzsle  t£e  wandering 
observer.  Similarly  the  glassy  slags  of  long-foi;gotten  furnaces 
have  again  and  again  been  produced  aa  evidence  that  volcanic 
rocks  occur  in  snch  and  such  an  area.  As  to  the  shells  of  recent 
edible  molluscs,  especially  the  oyster,  no  locality  seems  too 
anomalous  for  their  discovery. 

The  labelling  of  specimens  in  the  field  may  be  done  by  attach- 
ing numbers  to  them  on  strongly  gummed  labels,  and  desoribing 
them,  with  oorresponding  numbers,  in  the  note-book.  Ea<£ 
specimen  should  be  wrapped  in  newspaper  to  prevent  friction 
with  its  fellows  in  the  bag.  Hence  a  leas  cumbrous,  thouf^h  at 
tiiB  same  time  less  neat  method,  is  to  write  all  the  description  on 
some  part  of  the  plain  white  edge  of  the  wrapping-paper ;  this 
should  be  folded  in  so  as  to  escape  tearing,  aud  should  be  always 
kept  as  carefully  as  the  specimen  itself  It  will  form,  in  &ct, 
when  subsequently  torn  off  on  unpacking  each  specimen,  the 
"original  label"  drawn  up  on  the  apot  to  which  all  future 
reference  must  be  made.  Experience  shows  that  specimens  thus 
labelled  on  infolds  of  their  wrappers  may  be  sent  thousands  of 
miles  by  rail  or  sea  without  any  risk  of  confusion  or  loss  of  the 
observations  recorded.  Dr.  Blanford  advises  travellers  in  tropi- 
cal countries  to  poison  their  labels  by  washing  in  a  wt^ak  solution 
of  corrosive  sublimate,  to  prevent  their  being  destroyed  by  mit«s 
and  insects,  (See  the  admirable  series  of  papers  entitled  Hintt 
to  TravtUvn,  published  by  the  Bpyal  Geographical  Society,  71^ 
ed.,  p.  366.) 
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C^utrlea  Darwin  BOggHted  from  his  experience  that  during  » 
Toyage  the  apeeimena  from  distinct  localities  should  hare  their 
wrapping-papers  marked  externally  with  characteristic  dgns,  a 
practice  of  great  assistance  during  unpaokin^.* 

The  original  label,  or  the  note  corresponding  to  it,  should  be 
aa  full  as  possible,  and  may  even  contain  croas-r^renoee  to 
specimens  collected  in  the  same  series.  If  the  locality  is  an 
unknown  one,  as  in  tone  traverses  and  in  wilder  regions,  the 
lioar  and  day  of  finding  stionld  be  noted  in  each  case.  Even  if 
this  goes  on  from  day  to  day  during  the  passage  of  an  expedition, 
some  idea  can  be  gained  respecting  the  relative  positions  of  the 
places  studied  along  the  route. 

The  practice  of  noting  the  day,  month,  and  even  year,  on  the 
label  of  every  specimen,  is,  indeed,  of  continual  use  in  after 
reference ;  and  in  all  careful  study  of  an  area  the  hour  of  the 
day  is  of  ssaiBtaDoe.  These  minute  fsota,  like  so  many  othera, 
are  not,  however,  for  publication.  In  research-work  the  duty  of 
the  observer  is  to  separate  the  important  fiuits  from  the  mass  of 
material  that  has  been  gathered  on  the  chance  of  its  proving  of 
importance.  On  the  spoteverything  must  be  noted;  later  studies 
weed  out  the  iiindamental  from  the  trivial.  The  young  writer 
who  refers  to  his  Bpecimena  by  number,  and  describes  them  each 
in  detail,  has  either  lost  sight  of  their  field-relations,  or  is  work- 
ing on   "drifted"   material  in   the   darkness  of  oabineta  and 


The  transport  of  geological  specimens  to  their  destination  is 
seldom  a  matter  of  difficulty,  owing  to  their  non-perisbable 
character.  In  most  places  cheap  sacks  or  bags  are  obtainable, 
and  these  prevent  the  specimens  from  shaking  on  one  another, 
as  they  may  possibly  do  in  a  partially  iilled  box.  The  bag 
should  be  of  stout  fibre,  and  should  be  sewn  over  with  strong 
string  just  above  the  specimens.  Several  such  bags  may  be 
«ent  on  beforehand  to  the  area  of  work,  sinoe  there  is  ofCbn  a 
difficulty  in  a  small  town  in  procuring  a  box  of  sufficient  strength 
And  of  convenient  size. 

Fossils  travel  better  in  a  wooden  box,  unless  each  can  be 
enclosed  in  a  small  box  of  its  owa  Small  and  delicate  specimena 
may  be  aeparated  in  stout  corked  glaas  tubes,  wrapped  round 
wiUi  paper  several  times ;  others  may  be  temporarily  glued  to 
the  bottom  of  chip-boxes  before  packing.  Where  wool  is  used, 
it  ia  important  to  first  wrap  the  specimen  in  tissue-paper,  since 
the  fibres  of  the  wool,  if  in  direct  contact,  remain  upon  the 
epetnmen  for  years. 

'Adtmralty  ilaaaai  qfSeietOi/h  ai?«»r»  (1889),  p.  272. 
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The  development  of  the  parcel  post  hu  greatly  facilitated  the' 
ttanaport  of  small  series  of  speoimena  from  foreign  countries. 
It  shoald  be  noted  that  in  Italy  a  linen  cover  is  required  to 
parcels,  paper  alone  being  inadmissible  ^  hence  here,  and  else- 
whMe  as  a  aafegnard,  a  few  calico  bags  to  enclose  the  series  aenb 
form  a  handy  addition  to  one's  equipment. 
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PART    II. 
THE  EXAMINATION  OF  MINERALS. 


"Ia  MininJt^M,  dtant  une  bniaohe  dfl  lliiitoirB  natnralla^  1m  mbuM 
^iriucipei  qni  dingent  lea  oataraliiteB  an  g^jral  doivent  diiiger  anasi  la 
miu^raloaiBte.  IL  oherche  a  conuattre  at  k  apprtoier  1»  plaoe  qve  leu  divan 
«apboea  de  miDiranz  tiannent  dam  cat  ansembla  d'ttrea  qn'on  niMiime  U 
nature,  at  &  a' iiutmira  da  rOlaqn'il*  v  joueut." — AlUAMltBl  BttoNOtriAB^ 
TraiU  de  Miniralogit,  1807. 


OHAPTEH   IIL 


A.  Hode  of  Occnrrenofl. — The  relation  of  the  minenl  8|)eoimeQ  to 
ita  surroundings  should  in  ftll  cases  be  obaerved  prior  to  its 
extraction  Its  occurrence  in  veins  or  diffused  through  a  rock- 
mass,  in  concretionary  forms  or  in  well-developed  crystBls,  its 
deposition  upon  earlier-formed  oonstituents,  or  ita  inclusion  in 
other  substencea  that  have  abrogated  round  it— these  are  a  few 
of  the  many  points  that  may  help  in  its  final  determination.  If 
it  appears  to  be  a  product  of  alteration,  search  should  be  made 
for  examples  of  the  mineral  or  minerals  from  vhich  it  may 
reasonably  have  been  derived.  In  the  case  of  a  substance  of 
especial  interest  or  of  commercial  importance,  a  rough  sketch  or 
plan  of  the  spot  made  in  the  field  will  often  i-efresh  the  memory 
and  assist  description  when  the  details  come  to  be  worked  out 
later. 

B.  ExtractioiL — The  modes  of  extracting  particular  minerals 
from  the  mixed  or  massive  aggregates  known  aa  rocks  will  be 
more  conveniently  treated  of  in  connexion  with  the  rocks 
themselves.  The  mineral  particle,  whether  crystallised  or  not, 
baving  been  isolated  from  its  matrix,  some  one  or  ail  of  the 
followiug  methods  of  examination  ma)-  be  applied  with  a  view 
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to  its  determination.  The  teat  of  hardness,  and  some  obsur- 
Tktions  on  form  and  cleavage,  may  olten  be  employed  without 
its  removal  from  ita  aurronndings ;  similarly,  tlie  optical  teata 
desrribed  are  far  more  commonly  applied  to  minerala  occnrring 
haphiizard  in  rock-sections  than  to  preparations  cut  in  known 
<lirectiooB  &om  specially  extracted  specimens. 

C.  Colour  and  Lastre— Transparency  or  Opad^.— It  is  an- 
neoessary  to  remind  any  worker  among  minerals  of  tlie  Tariation 
<^  colour  in  one  and  the  same  species.  The  ores  of  the  heavy 
metals  are  by  &r  the  most  constant  in  their  coloaring ;  but  even 
]ieie  the  phosphates,  carbonates,  Ac,  may  assume  very  deceptive 
tints.  Similarly,  a  mineral  may  at  times  be  transparent,  at 
others  apparently  opaque.  Sometimes,  however,  as  in  the 
Uacker  varieties  of  zinc  blende,  a  small  chip  or  two  flaked  off 
will  reveal  the  true  translucent  oharacter  of  the  more  typical 
mineral.  The  blue  and  blue-green  colours  of  vivianite  will 
similarly  become  visible  when  flakes  broken  from  dark  crystals 
are  held  op  in  forceps  to  the  light.  Some  minerals,  on  the  other 
hand,  such  as  magnetite,  are  opaque  even  in  the  thinnest 
fngments ;  and  this  property  becomes  accordingly  useful  in 
their  identification. 

The  lustre  of  the  feces  of  orystals  or  cleavage-planes  is  often 
of  service,  though  these  are  liable  to  be  dulled  oy  filmy  products 
of  alteration.  The  lustres  recognised  by  experts  are  given  in 
all  works  on  mineralogy. 

D.  Streak. — The  streak  of  a  mineral,  i.e.,  the  colour  of  its 
powder,  can  veiy  often  be  observed  by  scraping  a  rough  edge  of 
the  specimen  with  an  old  but  clean  knife,  and  spreading  out  the 
little  frsgrnenta,  under  pressure  of  the  blade,  upon  white  paper. 
A  refinement  ia  to  use  a  slab  of  unglazed  porcelain  or  the  side  of 
a  mortar,  across  which  the  specimen  is  drawn ;  the  coloured 
tines  thus  given  by  difierent  minentk  may  be  produced  closely 
aide  by  side,  and  comparison  becomes  very  easy.  The  specimens 
most  be  free  from  sur&ce-films  and  decomposlldon-produotB. 
While  most  rock-forming  minerals  yield  white  or  colourless 
streaks,  the  results  givea  by  many  sulphides  and  oxides  of  the 
heavy  metals  are  eminently  useful  and  characteristic,  especially 
when  known  specimens  are  ready  at  band  for  comparisoo.  It  is 
scarcely  necessary  to  mention  the  red  streak  of  specular  iron  or 
bttmstite,  the  orange-brown  of  limonite,  the  grey  of  galena,  the 
purple-red  of  pyrargyrite,  or  the  browner  red  of  cuprite,  as 
&miliar  and  practical  examples. 

E.  External  Form.  —  The  pocket-lens  will  aid  considerably  in 
«Tfcm;Ti;ng  the  cryatalline  form  of  minerals  that  have  oonsolid&ted 
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under  faTonnible  conditiona ;  but  the  nndae  doTelopment  of  oer- 
tain  &oeB,  or  the  almost  complete  suppression  of  oUiere,  renders 
the  interpratfttioD  of  natural  fonna  far  mora  dlfficolt  than 
woald  appear  from  the  aymmetrical  drawings  &nd  modela  whicb 
are  firat  placed  before  the  elemeniATf  atadent  Mot  even  th& 
measurement  of  the  angles  will  distinguish  between  an  elongated 
cube  «nd  a  prism  of  the  tetragonal  ayatem ;  bat,  in  auch  a  proble- 
matio  case,  some  other  teac  is  certain  to  be  available  which  will 
virtuallj  decide  the  question  of  the  species  to  which  tbe  mineral 
belongs.  In  the  preliminary  examination  with  the  eye  or  with 
the  lens,  twin-atructutea  may  occasionally  be  detected.  Thus 
the  characteristic  Carlsbad  twinning  of  orthoclase,  whether  in 
granitic  or  traohytic  rocks,  is  very  generally  observable  upon 
broken  surfaces  ;  the  basal  cleavage  is  inclined  iu  reverse  direc- 
tions in  the  two  halves  of  which  the  crystal  is  built  up  ;  hence 
the  one  half  will  show,  as  the  specimen  is  turned  about  in  tho 
hand,  a  series  of  brightly  reflecting  sur&ces,  while  the  other 
remains  dull  or  even  earthy-looking.  Repeated  twinning,  aa  iu 
plagioclase  felspara,  oiten  reveals  itself  by  the  appearance  of  fine 
alt«mating  duller  or  more  lustrous  bands. 

It  is  often  useful,  and  in  some  cases  is  absolutely  necesBarr,  to 
determine  the  angles  made  by  certain  planes  of  the  crvstaL  ESven 
where  works  of  reference  are  not  to  hand,  the  determinations  can 
be  forwarded  to  a  fi'iend  more  fortunately  sitnated ;  and  the 
angles  thus  measured  and  compared  will,  from  their  oonstanoy  in 
the  same  species,  serve  to  explain  faces  and  forms  of  the  moat 
anomalous  development.  With  fmfflcient  practice  upon  funiliar 
specimens,  the  well-known  contact  gooiometsr  of  Caran^eot  *  is 
capable  of  giving  excellent  results.  In  its  aimpleat  and  perhaps 
handieat  form  it  oonsistB  of  two  small  flat  bars  of  steel  or  brass, 
in  each  of  which  a  slot  is  cut  extending  from  near  one  end  to  the 
centre,  the  other  half  remaining  solid.  A  little  bolt  is  passed 
through  the  slots,  and  the  bars  are  clamped  together  by  a 
nut.  By  releaaing  the  nut  and .  drawing  back  or  thrusting 
forward  either  of  tne  bare,  their  cleanly-cut  inner  edgea  may  b» 
applied  to  any  two  planes  of  the  orystid  that  are  not  parallel  to 
one  another,  the  measurement  being  token  when  the  edges  of  fche- 
ban  are  perpendicular  to  that  formed  by  the  intersection  of  tiie 
two  planes  of  the  cryataL  When  exact  contact  has  been  made, 
which  may  be  best  aeoared  by  holding  up  the  oryatal  and  the 
inatrument,  and  obaerving  that  no  light  passes  between  the  planes 
and  the  edgea  of  the  bars,  the  bars  are  carefully  clamped  together 


othen  have  ipalt  the  ni 
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and  «gUD  a|ipliad  to  the  pUnes  in  qneation.  If  do  ihifting  hati 
taken  place  daring  clamping,  it  onl^  remaini  to  determine  the 
angle  between  the  inner  edges  of  the  ban. 

This  is  bent  done  b;  applying  the  initminent  to  a  umi-circular 
or  circolar  protractor,  «-tiioh  indeed  forma  an  integral  part  of  the 
contact  goniometer.  The  point  of  intersection  of  two  adjacent 
edges  of  the  bars,  or  else  of  their  middle  lines,  is  made  to  coincide 
with  the  oentre  from  whioh  the  angles  have  been  marked  off  on 
the  Motractor.  The  angle  is  read  off  between  the  prolongations 
of  ^e  bars  and  not  between  the  edges  that  were  aotuaJl;  ap- 
plied to  the  orbital. 

Ur.  Fenfield  has  recently  devised  two  types  of  aheap  uul 
simple  oontaot  goniometers,  in  whioh  the  materials  are  card 
and  Tnlcanite.  These  are  sold  by  G.  L.  English,  812  Green- 
wich Street,  Mew  York,  at  about  2s.  each,  and  are  hij^hly 
servioeable. 

In  the  case  of  amall  crystals,  and  where  greater  exactitude  is 
required,  the  nfleottve  gmdometer  must  be  employed,  bat  is,  of 
coarse,  available  only  where  the  fiuses  are  reasonably  bright. 
Dnll  planes  of  crystals  may  sometimes,  however,  be  rendered 
artificially  Instrous  by  cementing  to  each  a  little  Sake  of  micro- 
scopic oover-fflass,  the  gam  or  cement  being  spread  equally  over 
the  &ce.  The  instrument,  as  described  in  every  text-book  of 
mineralt^,*  necessarily  costs  several  pounds ;  bat  for  general 
purposes  of  identification  the  ingenious  contrivance  of  Professor 
W.  H.  Miller,  based  upon  the 
same  principles,  proves  very 
simple  and  efficient.  A  stout 
brass  wire,  bent  at  right  angles 
at  the  top,  is  fixed  upright  near 
one  end  of  a  thick  piece  of 
board,  which  should  be  about 
a  foot  long,  with  neatly  planed 
edges.  A  cork  is  fitted  on  the 
bent  arm  of  the  wire,  as  shown 
at  0  in  fig.  3,  and  through  it  a 
F^.  g,  shorter    wire   is   thrust,    also 

bent  at  right  angles,  and  bear- 
ing a  little  plate,  a,  of  cork  or  wood  on  one  end.  The  crystal 
to  be  examined  is  attached  to  this  plate  by  wax,!  and  the  wires 

*  Wollarton'i  orisiaal  paper  it  hi  the  Plul.  TVon*.  Soy.  Sot.,  vol  xoix. 
(18DB],  p.  263. 

f  Mr.  Oame;,  in  bii  Ciytlallograp^,  recommeiids  bew'-wni  ami  oliv* 
oU  maltad  together  and  rtirred  until  mtibla  ooniiatancj  U  Attained.  Onlj 
■  unall  admiitur*  of  oil  is  required,  _ 
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must  be  of  such  a  length  th&t,  by  the  Tarioos  adjuatmenta  of 
which  this  aimple  iDStmment  is  capable,  the  ciyetal-edge  con- 
cerned can  be  bronght  into  an  accnrately  vertical  poBition  and 
immediately  OTer  one  of  the  nearer  angles  of  the  board. 

The  instrument  is  plaoed  on  a  sheet  of  paper  fastened  by 
dcawing-pins  to  a  table  at  some  eight  or  ten  feet  distance  from 
a  windov  or  similar  opening.  If  the  window  has  s  vertical  bar, 
this  may  be  utilised  as  a  signal  during  measurement ;  if  not, 
some  r<>d  or  hand  can  easily  be  hung  across  it.  A  second 
vertical  signal  must  be  set  up  at  the  same  distance  from  the 
instrument,  and  may  conveniently  be  placed  on  the  same  wall. 

The  eye  is  brought  dose  against  the  crystal,  and  the  gonio- 
meter is  moved  about  on  the  sheet  of  paper  until  the  reflection 
of  the  window-bar  seen  in  one  of  the  liri<;ht  faces  concerned 
appears  to  coincide  with  the  teeond  signal  seen  beyond  it.  Now 
rule  a  line  on  the  pap<;r  along  one  of  the  longer  edges  of  the 

Bring  the  eye  again  into  the  same  position  as  before,  and 
rotate  the  board  horizontally  about  the  point  over  which  the 
crystal  edge  has  been  adjusted.  This  rotation  may  be  assisted 
by  having  a  large  drawing-pin  fixed  to  the  wood,  ite  point 
projecting  downwards  exactly  below  the  comer  of  the  board. 
Wlien,  by  rotation,  the  reflection  of  the  window-bar  is  seen  in 
the  second  face  of  the  crystAl  and  is  made  to  coincide  with  the 
other  signal  as  before,  another  line  is  ruled  from  the  same  edge 
of  the  board  upon  the  paper.  Measure  the  angle  between  these 
two  lines  with  a  protractor;  it  is  obvious  that,  no  disturbance  of 
the  first  adjustments  having  occurred,  it  will  be  the  supplement 
of  the  ani^le  between  the  two  faces.  One  of  the  lines  may  be 
produced  beyond  the  point  of  intersection,  and  the  actual  angle 
may  thus  be  measured  off  at  osoe. 

Oare  must  be  taken  in  Selecting  faces  to  be  measnred  by  any 
method  involving  reflection,  and  at  first  a  little  difficulty  will  be 
experienced  in  seeing  the  image  of  a  signal  on  so  small  a  surfoce, 
however  bright.  Beginners  are  apt  to  hold  the  eye  at  far  too 
great  a  distance,  and  thus  run  the  risk  of  confusing  the 
reflections  from  two  adjoining  faces.  Leaving  the  discussion  of 
telescopic  and  other  refinements  to  advanced  treatises  on  minera- 
logy, an  easily  oonstrncted  form  of  the  ordinary  Woll&ston 
goniometer  may  be  described  in  concluding  these  remarks.  In 
fig.  4,  <t  is  a  strong  wooden  upright  fixed  to  a  board  as  a  bas^ 
and  serving  as  a  support  to  the  circular  prutractor,  b.  A  T-piece, 
t,  conveniently  made  of  brass  tube,  rnns  horizontally  through  the 
support^  its  axis  traversing  the  central  point  of  the  protractor, 
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the  bar  of  which  has  been  partly  out  awaj-.  The  bearmga  of  $ 
may  consist  of  bored  corks  thrust  firmly  into  a  larger  hole  in  a, 
and  its  croes-pieoe  forms  a  handle  by  irhich  to  turn  it  dnring  an 
observation.  Two  corks,  e  and  d,  vork  on  the  prolongation  of  t; 
«  carries  s  pointer,  which  c»n  be  adjusted  to  Bome  convenient 
d^;ree  on  the  graduated  arc,  a  semi-ciroular  protractor  being  thna 
»11  that  is  aotoally  necessary ;  while  d,  which  oaa  itself  can-y 
ether  cork  and  wire  refinements,  serres  to  support  the  crystal  on 


ng.4. 


its  bed  of  wax.  The  refinements  hinted  at  may  facilitate  the 
Adjustment  of  the  important  edge  so  as  to  coincide  with  the  axis 
of  t,  and  a  small  cork  sliding  stimy  on  a  wire,  as  indicated  in  the 
sketch,  will  allow  of  the  use  of  ape<»mens  differing  largely  in 
size.*  The  signals  used  are,  of  course,  horizontal,  and  the 
reflection  of  the  first  one  in  a  piece  of  glass  backed  by  dull  black 

Saper  and  placed  under  d,  as  in  the  excellent  stodeat's  instrument 
evised  by  Mr.  Mi6r8,t  will  enable  the  worker  to  dispense  with 
a  second  and  independent  signal. 

Any  one  fiimiliar  with  tools  and  with  a  lathe  can  easily 
improve  and  elaborate  such  an  instrument ;  but  the  simple  form 
here  mentioned  serves  well  for  determinative  purposes.  More- 
over, if  the  protractor  is  fixed  by  two  small  screws  with  flattened 
or  ring-shaped  heads,  snch  as  are  commonly  used  for  picture-rings, 
it  is  <Aea,T  that  the  whole  arrangement  can  be  taken  down  withont 
the  aid  of  tools,  and,  with  a  little  care  in  adjustment,  set  np 
again  ready  for  use.  It  is  well  before  using  it  to  test  ita 
behaviour  upon  some  known  and  satisfactory  object 

As  examples,  a  few  crystal-angles  are  subjoined,  some  of  tha 

*  A  piece  of  cork  may  also  b«  tbmat  into  the  end  of  t,  and  from  it  a  fine 
needle  may  project,  coinciding  with  the  axis  of  rotation.  Aguaat  thii 
needle  the  edjie  m  qnertioD  inaT  he  adjovtod. 

t  Made  b;  Meitn.  Tronghtoo  k  ^Iridu.  London.  See  Hin.  Mag.,  voL 
iz.,p.  2M,  pie.  iiL-». 
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figures  being  safficiently  obvious,  but  given  here  aa  uBefiil  tests 
for  practice  :— 

Qunrft,-  mdjaoeot  faon  of  positiva  uid  nBs»tiT«  ihombohedran ;  133*  44'. 

Catctit ;  oleavage-rliODibohttdroii,  meMuraS  ovar  »  polu'  edgs ;  iiio°  tf. 

Flvor-ipar;  ouM  tao*  and  oaUhadnil  olBavage ;  !&"  W. 

Avgite;  pri«m boM:  87* &' and 92* 6S'. 

HortMmde;  prirniboM;  6S*  SO"  and  124*  SCT. 

OttAodoM  ;  ptindpal  cltavagaa ;  90*. 

Ldbradorite;  principal  oleavagaa ;  93*  20'  and  86*  40'. 

Qama;  two  adjaoant  planu of  rhombia  dodecahedron ;  120^, 

Spinel;  octahedron  &o«e i  109°  ST. 

Tcpax;  typioal  prism  faoei  i  134*  IT' and  SC*  4?. 

2*reon  ;  primn  faoa*  ;  BO*. 

F.  CleaTage. — The  preaence  or  abBeuce  of  oleavsge  should  b» 
carefully  looked  for,  and  the  examination  of  broken  fragments  of 
a  mineral  with  the  pooket-lena  or  the  microscope  will  often  afford 
valuable  evidence.  The  planes  of  cleavage  are  often  marked  out 
on  the  exposed  snrfiu»  of  a  CTjetal,  as  in  hornblende,  by  tracea 
of  incipient  decompositian.  'The  use  of  the  basal  deavage  in, 
observing  the  twin-struoture  of  <«rthoclaBe  has  been  already 
referred  to.  The  phenomena  described  by  Professor  Jndd  aa 
"  Schilleriaation  "  *  give  riae  to  planes  of  separation,  commonly 
regarded  as  cleavage- planes,  these  aeoondary  surfaces  of  weak- 
ness being  marked  by  a  pearly  or  sub-metallic  lustre.  Tho 
shimmering  surfaceB  of  broken  diallage,  ordinary  brunzite, 
murchisonite,  &c.,  are  due  to  this  type  of  separation-plane,  and 
the  minute  plates  that  cover  them  may  be  well  seen  in  sections- 
under  the  microscope. 

As  examples  of  the  utility  of  the  observation  of  cleavage,  w» 
may  refer  to  the  following  minerals  : — 

1.  Colourless  and  transparent  minerals  : — 

Otiorta.— No  olearage;  fractnre  oonoholdaL 

Topaz. — Cleavase  basal,  periect. 

Aavlaria,  Saniaine,  and  other  clear  fslipore.  — Basal  and  oUno-  or  btachy- 
pinacoidal  cleavases,  perfect 

CWnf«.—BboiatKiliednkl  oteavage,  perfect. 

Aragoniie.~I>oiM  not  yield  the  perfect  rhombohedia  of  ealdte ;  bracl^* 
pinaooidal  cleavage  alone  good,  prisni  and  braohydome  imperfect. 


Mvor-tpar  (often  coloured).— Cleavage  octahMnl,  perfect. 

Ditantmd. — Cleavage  octahedral,  periect. 

CkMnmon  SftueoeiU  and  other  pole  micas. — Bsmartably  perfect  basal 

"  Quarttrtjf  Jowvai  of  Geological 
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2.  Dftrkly -colon red  or  opaque  black  miuerala  :— 

A^tgitt  uid  f  om&tmdc.— ClekTBgw  prumfttie  ud  good. 

Tottrmaimt  (.?i;Aor().— Cla»vagB  uldom  Men  ;  friomre  furl;  oonohoidaL 

Dark  UieaM.  — Like  muBcovita. 

Wo^xmt  — Clinopiiubcoidtd  ole&vage,  perfect 

CauiitriU.  ~-Prismmtic  cleavueg,  imperfect. 

Zme  iH«nd«.— Cle^Tage  pu»llal  to  rtaombio  dodeoalMdron,  perfect 
Q.  HardnesB. — The  hardneaa  of  miner&ls,  thongb  varying  at 
^mea  in  the  same  crystal  according  to  the  plane  or  direotioa 
selected  for  the  test,  forms  none  the  less  one  of  the  beat  known 
and  most  satisfactory  means  of  diacriminaticgbetween  anhstances 
-closely  slmiliir  in  appearance.  The  Scale  of  Hardness  devised  by 
]tIohs  conaiats  of  the  following  minerals,  arrnnged  from  the  sofi>est 
to  tlie  hardest: — * 

1.  Talc.  6.  Orthoolaae,  fraali  and  olesvable. 

2.  Oypsum  (Selenite).  7.  QautE. 

3.  Caldt«.  6.  Topaz. 

4.  Fluor-apar.  9,  Conuidiun,  cleaved. 

5.  Apatite.  10.  Diunond 

Any  one  seeking  to  detemine  minerals  shonld  be  thoroughly 
well  acquainted  with  this  scale.  The  relfttive  resistance  of  each 
member  to  the  point  of  a  good  pocket-knife  should  be  carefully 
observed  in  snccesaion,  until  JTa  7  is  reached,  which  is  not 
-scratched  by  steeL  If  a  specimen  of  each  member  is  passed 
lightly  over  the  snritice  of  a  file,  different  amounts  of  materi*! 
will  be  removed  from  each,  and  the  sound  produced,  at  first 
alight)  will  become  more  grating  as  the  higher  members  are 
used.  It  is  yet  more  convenient  to  draw  one  edge  of  a  three- 
■ided  file  lightly  across  an  edge  of  the  member  of  the  scale,  the 
varying  amount  of  resistance  and  the  difierence  in  the  sound 
being  very  clearly  noticeable. 

\Vhen  the  scale  itself  has  been  thoroughly  mastered,  the  hard- 
nesa  of  a  mineral  speoimen  may  be  determined  by  it.  A  sharp 
point  of  the  mineral  is  selected  and  drawn  firmly  across  Ifos.  9, 
6,  7,  ko.,  until  a  member  is  found  upon  which  a  scratch  can  just 
be  made.  It  is  always  necessary  to  pass  a  brush  or  the  finger 
Ai^i'oss  the  supposed  scratch  to  remove  the  powder,  which  may 
after  all  be  derived  from  the  mineral  examined,  and  not  from 
the  member  of  the  scale.  A  true  scratch  will  appear  as  a 
-distinct  little  groove  when  examined  with  the  pocket-lens. 

When  a  member  is  found  that  can  be  scratched  by  the  mineral 
under  examination,  further  test  should  be  made  of  the  effect  on 
tiat  next  higher  in  the  scala     The  use  of  the  file  will  also  help 

*  Tb«  inUrniib  between  the  ineceeilve  UMoben  of  the  icale  are  now 
known  to  be  exoeediugly  uneqnaL  See,  for  instance,  T,  A,  Jkggar,  Amtr, 
Jovm.  tffBei.,  Deo.,  1S97,  p.  411. 
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to  ally  the  mineral  vith  one  or  other  member,  or  to  place  it  mid- 
way between  two,  when  its  hftrduess  is  known  as  3-6,  5-5,  &c. 

With  practice,  however,  the  use  of  the  scale  iteelf  beoomes 
neoesBary  only  in  oases  of  special  interest,  and  the  observer 
relies  largely  npon  certain  simple  instruments  alone.     Thus — 

(a.)  Minerals  unsoratched  by  a  good  knife  have  a  hardaeu 
"     if  6  or  upwards  ; 

{Minerals  scratched  with  a  knife  have  H  =  5-5  or  less  ; 
Minerals  scratched  by  a  bronze  coin  have  H  =  3-0  or  less ; 
)  Uiuerals   scratched  by   the   thumb-nail  have  H  —  3-5 


(a.)  a 

(H)of6 


>rS  " 


Few  minerals  are  harder  than  7,  and  the  relative  degree  of 
redstance  to  the  knife  afforded  by  the  softer  sabstanoea  will 
commonly  assign  them  their  placee,  even  when  an  actual  Scala 
of  Hardness  is  not  to  hand  Few  persons  will  find  serious 
difficnltr  in  thus  distineuishing  between  degrees  3,  i,  6,  and  6, 
while  the  thumb-nail  decides  the  lowest  degrees  of  all  ia  an 
equally  efficient  manner.  A  thin  soft  mineral,  such  as  talc  or 
mica,  wrapped  about  a  harder  core,  as  may  occur  in  schists, 
presents  occasionally  a  difficulty ;  and  it  must  be  remembered 
that  decomposition  renders  many  substances  softer  than  the 
values  given  in  text-books,  which  are  those  of  typical  specimens. 

The  hardness  of  small  fragments  of  minerals  can  be  best 
ascertained  by  drawing  them  across  a  substance  already  deter- 
mined. A  thin  layer  of  "electric  cement"  *  or  similar  material 
may  be  melted  on  to  a  small  bar  of  wood,  and  the  grains  to  b» 
tested  may  be  partly  embedded  in  this,  and  will  become  firmly 
set  when  all  ia  oooL  The  cement  must  not  be  so  thick  as  to- 
allow  a  grain  to  become  enveloped  when  pressed  down  into 
it.  TTsing  the  wood  as  a  handle,  draw  the  mineral  grain 
or  nains  over  glass,  bronze  coins,  members  of  the  scale  of 
hardness,  &o.,  and  observe  the  results.  Where  several  grains  of 
difierent  hard  minerals  have  been  embedded  for  comparison,  a 
good  deal  may  be  done  by  drawing  a  glass  slip,  snch  as  is  used 
for  microscopic  mounting,  across  each  grain  in  succession,  and 
noting  the  varying  depth  and  character  of  the  scratches  thus 
produced. 

H.  Hagnetio  Characters. — The  minerals  that  are  attracted  by 
an  ordinary  magnet  in  their  natural  condition  are  very  few,  the- 
most  familiar  being  magnetite  and  pyrrhotine.  The  foniler  at- 
tracts its  own  powder  very  freely,  affects  the  magnetic  needle 
of  a  pocket-compass  in  a  more  or  less  marked  manner,  and  not 
*  S  part*  nun,  1  part  beoi'-wax,  aod  1  part  rod  otdm. 


Cioogic 
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UQ^quentlj  exhibits  Btrong  polarity.  FrftgmeDts  of  pyrrbotine 
also  actraot  their  own  powder,  are  easily  lifted  by  the  magnet, 
and  are  recognised  by  their  bronze-yellow  colour.  In  the  case 
of  feebly  magnetio  substances,  their  powder  should  be  spread 
ont  on  a  smooth  sheet  of  paper  and  the  magnet  moved  about 
just  above  the  little  particlen  in  a  eomewhat  brisk  manner. 
Even  if  the  particles  decline  to  quit  the  paper  for  the  magnet, 
movement  can  be  easily  seen  among  them,  and  they  will  rise 
and  stand  on  end  aa  the  magnet  Dears  them,  falling  again  after 
it  has  passed. 

ComponndB  of  iron,  nickel,  and  cobalt,  not  previously  magnetic, 
become  so  after  reduction  on  charcoal  before  the  blowpipe.  The 
mass  must  be  out  out,  crushed,  and  then  treated  as  above.  The 
particles  extracted  from  the  residue  by  the  magnet  can  be  farther 
tested  in  bontx  or  microcosmio  salt.    (See  Chapter  Y. ) 

If  the  magnetic  properties  are  so  weak  that  the  particles  have 
to  be  touched  with  the  magnet  before  they  are  influenced  by  it, 
care  mast  be  taken  that  the  magnet  is  perfectly  clean.  Examina- 
tion with  the  lens  will  show  whether  any  adherent  particles  are 
held  by  virtue  of  their  magaetism  or  by  mere  clinging  to  a 
moist  or  sticky  sar&ce.  In  the  former  case  they  will  be  seen 
standing  up  in  unusual  positions  upon  the  steel. 

The  place  of  a  bar-magneb  oan  always  be  taken  by  a  magnetised 
blade  of  a  pocket-knife.  With  a  kmfe  that  has  been  so  treated 
uaeftil  field-observations  may  be  made.  Thus  the  remarkable 
prevalence  of  pyrrhotine  may  be  shown  in  some  rock-masses,  in 
plaoe  of  the  more  familiar  iron-pyrites ;  and  snoh  oconrrenoes 
mi^  easily  be  overlooked  unless  detected  on  the  spot  itsel£ 

I.  Specific  Gravity.— The  most  &miliar  method  of  determining 
the  specific  gravity  of  a  body  is  that  involving  the  ase  of  an 
accurate  baltuice  and  a  set  of  chemical  weights.  The  specimen 
is  suspended  by  a  light  silk  tiuread  from  the  hook  on  the  under- 
side of  a  small  pan,  which  replaces  the  ordinary  pan  of  the 
balance.  It  is  weighed  in  air  (w)  and  then  immenied  in  a  glass 
of  distilled  water ;  all  bnbbles  are  carefully  removed,*  the  water 
being  boiled  if  necessary,  or  the  vessel  being  placed  for  some 
time  under  an  air-pump ;  the  weight  of  the  specimen  when  sus- 
pended in  water  is  then  determined  (vf),  and  the  specific  gravity 


*  To  rsmove  bnbblM  with  a  broih,  withdraw  the  spaeimui  and  paint  it 
cvsr,  ai  it  were,  with  watar,  whioh  ahonld  be  worked  well  into  the  hollows. 
On  sgaiii  tmmening,  the  babble*  will  liave  broken  and  dieappeared. 
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b«  at  ft  standard  t«mperatur»^EngliBh  obaerren  hare  chosen 
60- F. 

Som«  few  anbatanoes  of  interest  to  the  geologist  may  be  lifter 
thao  water — «.«.,  they  have  a  density  of  less  tban  1.  In  such 
canes  a  sinking-weight  maj  be  attached,  and  allowed  for  u 
follows  : — Let  the  weight  of  the  sinker  in  water  be  a',  and  the 
joint  weight  in  water  of  the  spooimen  and  the  sinker  be  b',  v> 
being,  as  before,  the  weight  of  the  mineral  in  air.     Then  in 

place  of  W*  we  have  6'  —  a',  and  G  = r-t ;■ 

It  is  often  impossible  to  suspend  small  mineral  fragmeats 
directly  &om  the  hook  ;  but  they  may  be  weighed  in  a  litUe  pan 
attaohed  to  the  light  silk  thread.  Let  the  weights  of  this  pan  in 
air  and  water  reapeotiTely  be  a  and  a' ;  add  the  mineral  particles, 
and  let  the  weight  of  these  together  with  the  pan  be  determined 
both  in  air  and  water  (6  and  b").  Then  to  =  6  -  a,  and  w'  =  b'  —a', 
whence  O  can  be  worked  out  as  before. 

Mr.  Smeeth  *  has  devised  an  exoellent  modification  of  this 
method,  which  avoids  all  risk  of  loss  by  the  flotation  of  small 
grains  dnring  immersion.  The  pan  is  pM-tly  filled  with  raaeline, 
which  is  melted  after  the  mineral  particles,  already  weighed  in 
air,  have  been  laid  npon  it.  The  mineral  thus  sinks  in  and  is 
completely  covered.  The  difiereuce  of  weight  in  water  of  the 
pan  and  vaasline,  and  the  soms  with  the  mineral  added,  givea 
the  weight  in  water  of  the  mineral  powder  used. 

In  the  case  of  substances  soluble  in  water,  alcohol,  turpentine, 
or  carbon  tetrachloride  can  be  uaed.  The  figures  are  worked 
out  as  usual,  but  the  result  must  be  multiplied  by  the  density 
of  the  liquid  used,  which  may  be  determined  by  comparing  the 
weight  of  a  vessel  filled  with  it— preferably  a  specific  gravity 
bottle — with  that  of  the  same  vessel  filled  at  the  same  tempera- 
ture, with  distilled  water. 

The  use  of  the  specific  gravity  bottle  involves  appliances  of 
some  delicacy.t  The  bottle  should  be  small,  to  suit  the  probable 
amount  of  material  to  be  used;  a  25-gramme  flask  is  large 
enough.  Fill  it  with  distilled  water,  insert  the  perforated 
stopper,  and  wipe  off  any  water  that  has  fiowed  over.  Place  the 
powdered  or  fragmentary  apecimen  on  the  pan  of  the  balance  on 
a  scrap  of  smooth  paper,  a  counterpoise  to  the  paper  being  laid 
in  the  other  pan.  Weigh  thus  in  air  (w).  Xow  place  the  lull 
bottle  beside  the  specimen  in  the  pan,  and  determine  the  joint 

*  iVoe.  of  the  Sovat  Dublin  Soc,  voL  vi.  (1888),  p.  61. 
tFoT  rafined  work,  aee  BerkelBv,  "AoonraU  mothod  ol  dBterminins  the 
k.  density  of  •olid^"  Uin.  Mag.,  vol.  xL  (1897),  p.  M. 
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weight,  a.  Transfer  the  Bpecimen  to  the  bottle,  remove  babbles 
with  partioulftr  care,  replace  the  stopper,  wipe,  and  veigh  again 
{b).    The  weight  of  water  displaced  b;  the  specimen  "  a  -  b. 

Then  Q  =  — ^. 

The  instrnment  known  as  HloholBOii'B  aneometer  or  hydro- 
meter is  described  in  ever;  text-book,  and,  with  a  delioate  ket  of 
weights,  gives  fairly  accurate  resnlts.  A  more  or  less  tubular 
hollow  metal  body,  closed  at  both  ends,  bears  a  weighted  pan 
At  the  lower  end,  and  a  second  pan  at  the  npper  end,  snpported 
■on  a  thin  vertical  rod.  The  instrnment  floats  upright  in  water, 
but  must  sink  only  so  far  as  to  leave  the  greater  part  of  the  rod 
above  the  snr&ce.  A  soratoh  is  made  on  the  rod*  well  above 
the  snrfaoe  of  the  water,  and  weights  are  placed  in  the  upper 
pan  until  this  mark  is  brought  down  to  toe  water-level.  Let 
this  weight  be  a.  The  observation  is  best  made  by  looking  up 
from  below  throngh  the  side  of  a  transparent  vessel,  until  the 
«cratch  just  appeArs  and  disappears  as  the  instrument  sways 
slowly  in  the  water.  The  specimen  must  be  lighter  than  a,  and 
is  now  snbstitnted  for  the  weights  in  the  upper  pan.  Again 
suld  weights  (b)  antil  the  mark  oomes  down  to  the  water-level 
The  weight  of  the  specimen  in  air  (u>)  ^  a  -  b.  Remove  the 
weights,  and  place  the  specimen  in  the  lower  pan.  A  greAter 
weight  than  b  will  now  be  required  to  bring  the  instrument  to 
the  standard  position.  Let  this  weight  l>e  c ;  e  -  6  =  the  weight 
of  the  water  displaced  by  t^e  specimen ;  hence,  G  =  r. 

Undue  swaying  of  the  instrument  and  immersion  of  the 
-weights  may  be  prevented  by  covering  the  vessel  with  a  card- 
board or  woioden  plate,  the  rod  coming  up  throngh  a  broad  slit 

Apart  from  the  &ct  of  its  requiring  a  box  of  weights,  and  an 
inconveniently  large  vessel  in  which  to  float  it,  the  aneometer 
scarcely  competes  in  ooavenienoe  widi  other  simple  instnunents 
now  in  use.t 

First  among  these  comes  an  appliance  resembling  a  steel-yard, 
invented  hj  Mr.  WQliam  Walker,  of  Dundee,  and  described  by 
him  in  the  Qtologieal  Magamne  for  1883,  p.  109.     Its  popularity 

This  mark  is  gaosnlly  omitted  In  tlM  inatronients  aold,  aod  hu  ti 


tUn  thispoiDtMe  Plot.  J,  W.  Jadd,  "On the  m^  d«t«nniiii 
Siiecifio  Gravitv  of  Minerali  and  Books."  iVoe.  Gtti.A—-'-'- 
8^286. 
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las  earned  for  it  the  name  of  Walker's  balance,  and  it  remains 
t  present  the  moat  convenient  and  portable  instrument  of  which 
he  geologist)  can  arail  himself. 


r^ 


Fig.  5. 

The  steel  bar,  A,  in  fig.  5  is  supported  in  the  rest,  B,  by  a. 
knif»«dge  piece  fixed  through  it  about  3  inches  from  one  end. 
The  remainder,  some  18  inches  long,  is  graduated  into  inches 
and  tenths,  starting  &om  the  point  of  support. 

The  short  arm  of  the  bar  is  notched  upon  its  apper  Bar&ce, 
and  a  heavf  weight,  0,  can  thus  be  hang  from  it  at  a  varietur  of 
distances  from  the  fulcrum. 

The  long  arm  passea  through  a  looped  upright,  D,  which 
checks  undue  Bwinging,  and,  b^  a  mark  scratched  on  it,  aerres 
to  indicate  when  the  bar  oomea  to  a  horizoatal  position. 

The  apecimen,  which  may  weigh  several  ounces,  is  hang  bj  a 
cotton  thread,  a  loop  of  which  passee  over  the  long  arm.  It  is 
then  slid  along  the  arm  until  it  counterbalances  the  weight  C, 
which  has  been  anspended  near  to  or  far  from  the  fulcrum,  accord- 
ing  to  the  weight  of  the  Bpecimes  used. 

^When  the  bar  indicates  by  its  swing  that  it  would  come  to- 
rest  in  a  horizontal  position,  the  reading  a  is  taken ;  i.e.,  the 
distance  from  the  fnloram  of  the  point  of  suspension  of  the 
■peanmeo. 

The  weight  0  is  kept  in  the  same  position,  and  the  specimen 
is  immersed  in  a  tumbler  of  water ;  to  restore  equilibrium,  the- 
specimen  must  now  be  carried  further  ont  along  the  beam.  Let 
this  new  position  be  b.  Then,  a  and  b  being,  by  the  principle  of 
the  lever,  inversely  proportioiial  to  the  weights  in  air  and  water 

reipectively,  G  =   ,-— — . 

The  resalts  are  accurate  to  the  first  place  of  dedmals,  and 
often  compete  with  the  ordinary  balance  in  the  aecoml  plaoe  i 
while  for  mineral  or  rook  specimens  of  a  &ir  aiae  they  may  be 
lield  to  be  entirely  satisfactory. 

The  earlier  forms  of  the  instrument  had  a  spare  hammer-head 
as  a  weight,  a  shaft  being  also  supplied.     This  hammer  might  b» 
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UBod  and  worn  down  without  affecting  the  value  of  the  reBulta,. 
sioce  all  we  require  is  that  0  should  be  the  same  in  the  two- 
ezperiments  made  upon  any  one  specimen.  The  division  of  th& 
Ijar  into  centimetres  and  milliaietres  will  give  more  delicate 
readings  and  also  a  useful  scientific  scale.  The  supports  are 
made  to  onscrsw  from  their  bases,  and  all  is  packed  away  into 
a  light  box,  which  for  travelling  can  be  reduced  to  a  baizo 
wrapper  with  pockets,  such  as  is  often  used  for  tools.* 

The  somewhat  similar  balances  devised  near  the  beginning  of* 
this  century  present  several  ingenious  features,  but  involve 
greater  difficnlties  in  mann&cture.  Thus  Lukens  t  used  an 
(Hinipoised  beam,  saspeuding  the  specimen  from  the  shorter  and 
thicker  arm,  and  running  a  weight,  which  might  be  a  smaller 
suspended  specimen,  along  the  other  and  graduated  ano  to 
restore  equilibrium.  CoatesJ  proposed  a  similar  beam,  but 
introduced  a  graduation  that  enabled  the  specific  gravity  to  be 
read  off  without  calculation.  "  The  shorter  end  is  undivided  ;. 
but  on  the  longer  is  inscribed  a  scale,  of  which  every  division, 
reckoning  from  the  extremity  of  the  lever,  is  marked  with  a 
number,  which  is  the  quotient  of  the  length  of  the  whole  scale, 
divided  by  the  distance  of  the  division  from  the  end.  Thus  at 
half  the  length  is  marked  the  number  2,  at  one-third  3,  &c. 
Also  at  two-thirds  the  length  is  marked  li,  at  two-fifths  2i, 
to.,     .  .     the  pivot  of  the  instrument  represents  unity,  and 

a  notch  u  made  at  the  further  end."  Any  convenient  weight 
ia  hung  by  a  book  from  this  notch.  A;  the  specimen  is  slung 
from  the  other  arm  by  a  horse-hair  or  thread  and  slid  along  till 
equilibrium  is  atiuned.  The  reading  A  B,  where  B  ia  the  ful- 
crum, is  obviously  constant  for  all  experiments.  Immerse  in 
water ;  the  small  weight  must  now  be  slid  in  from  A  towards 
the  fulcrum    B ;    let    this    reading    in    water    be    C  B ;    then- 

O  =-r-n — 7Tn'*X7V  '^^  graduation  adopted  gives  this  result 
at  once,  for  we  have  only  to  read  the  figure  coincident  with  the- 
point  C. 

Mr.  Roswell  Pamhg  has  described  a  balance  resembling  in 
Rome  points  that  of  Ooates.  Two  pans  are  hung  one  above  the 
other  irom  a  fixed  point  on  one  arm  of  the  beam,  the  lower  pan. 

*  Walker's  balanos  ii  made  by  Mr.  Q.  Lowdon,  Refbnn  Streot,  Dundee. 
Fnoe  3]i.  6d. 

t  PMo»opkiaii  Mofftiame,  vol.  Ivlii.  (1881),  p.  108.  Front  /oum.  qf 
Ac«d.  of  Nat.  Seienee*,  Philadelphia,  vol.  i.,  Part  2. 

X  Ibid.,  p.  109.    Prom  ume  sonrce. 

I  Ameritait  Jowjt.  ^SeUnee,  ser.  Ill,  vol.  z.  (187B),  p.  302. 
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'being  immersed  in  water.  The  beam  is  then  equipoised  by  » 
Bmall  sliding  weight,  clamped  by  a  screWi  trorking  on  the  arm 
-that  bears  the  pans.  The  specimen  is  laid  in  the  upper  pan,  and 
balanced  by  the  addition  of  a  tight  pan,  into  which  sufficient 
sand  is  thrown,  suspended  from  the  point  corresponding  to  A  in 
Ooates's  iustrnment.  The  specimen  is  now  transferred  to  the 
lower  p&n,  and  the  balancing-pan  is  slid  inwards,  care  being 
taken  not  to  disturb  the  sand.  The  reading  now  made  gives 
the  specific  gravity  without  calculation,  the  );:niduation  being  on 
the  plan  employed  by  Ooates. 

One  merit  of  this  instrument  is  that  fragmentary  materials 
can  be  determined,  as  no  suspending  thread  is  required ;  bat  in 
practice  it  is  probable  that  the  results  obtained  by  it  are  not 
superior  to  those  given  by  Walker's  balance,  while  it  is  mors 
complicated  in  construction. 

Prof.  Jolly's  spring-balance  or  Fedsrwage  is,  however,  aimplo 
and  yields  excellent  results.  A  long  brass  spiral  spring,  which 
may  be  exchanged  for  one  of  greator  delicacy  if  the  specimen  is 
exceptionally  small,  is  hung  from  a  sUdiog  rod,  set  in  a  pedestal 
some  3  feet  high.  One  end  of  the  spring  may  thus  be  brought 
5  feet  above  the  table.  The  base  of  the  instrument  is  pierced 
by  three  levelling-screws,  and  a  long  slip  of  looking-glass,  with 
even  graduations  marked  on  it,  is  let  into  the  &oe  of  the 
pedestal.  Two  liftht  pans  are  hung,  one  below  the  other,  from 
a  wire  hooked  to  the  lower  end  of  the  spriug,  and  on  the  wire  is 
fixed  a  little  bead,  acting  as  an  index. 

The  lower  pan  is  sunk  well  in  a  tumbler  of  wator,  the  support 
of  which  can  be  slid  up  and  down  the  pedestal ;  and  the  sliding 
rod  is  carried  so  high  that  the  pans  come  to  rest  somewhere 
opposito  the  upper  divisions  on  the  graduated  mirror.  Looking 
along  the  top  of  the  index-bead  until  it  appears  to  coincide  with 
ita  image  in  the  mirror,  the  position  of  rest,  a,  of  the  spring  is 
noted,  in  torms  of  the  fine  graduations  used.  It  wUl  be  seen 
that  this  reading  corresponds  to  the  detormination  of  the  sink- 
ing-weight of  the  arteonieter,  only  in  this  case  the  figure  will 
vary  according  to  the  adjustment  of  the  spring  at  starting. 

Place  the  specimen  in  the  upper  pan,  having  previously  drawn 
the  tumbler  to  a  lower  position  to  avoid  the  wetting  of  both 
pans.  Readjust  the  tumbler  until  the  pans  swing  freely  and  as 
mutdi  of  the  lower  suspending-wire  is  immersed  as  before.  Take 
a  second  reading,  b;  uien  b  —  a  *•  w,  the  value  in  air. 

Transfer  the  specimen  to  the  lower  pan,  and  reac^uat.     The 

new  reading,  e,  will  be  less  than  b,  and  Q  — r . 
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Though  not  bo  snitable  for  trayellerB,  this  makes  an  adminbl» 
laboraturj-inBtmnienb,*  Mid,  the  readings  being  merely  propor- 
tional, the  atilitj  of  the  spring  as  &  weight- measurer  is  not 
affected  by  expansion  due  to  ohange  of  climate. 

We  muat  oonclnile  the  present  section  with  an  account  of  the' 
use  of  dense  liquids  in  determining  the  specific  gravity  of  mineral 
partioles.  If  a  solution  of  known  density  is  to  hnnd,  and  a 
specimen,  though  it  has  been  completely  freed  from  bubbles, 
floate  upon  the  sur&oe,  while  others  sink  with  more  or  less 
rapidity,  some  idea  of  their  relative  speoifio  gravities  may  be 
obt^ned. 

Further,  if  the  liquid  is  diluted  until  a  particular  specimen 
swims  about  in  it  and  remains  sluggishly  wherever  it  is  placed, 
the  liquid  and  the  mineral  will  be  of  the  same  specific  gravity. 

That  of  the  liquid  may  be  determined  by  throwing  in  a 
seriee  of  specimens  already  determined,  until  one  is  found 
that  will  neither  float  nor  sink  to  the  bottom ;  or  by 
suspending  a  weight  from  a  chemical  or  Jolly's  balance, 
and  oomparing  the  readings  given  when  it  is  immersed  in 
water  asd  in  the  liquid  respectively.  Prof  SoUas  ("Gran- 
ites of  Leinster,"  Tramactiotu  of  ihs  Royal  Iriah  Aeadomy, 
vol.  xxix.,  1891,  p  430)  has  even  employed  a  DUDute  hydra- 

This  method  of  determining  specific  gravities,  which  can  be 
nsed  even  in  the  case  of  very  small  specimens,  was  brought  into 
prominence  by  Ur.  £.  Sonstadtf  as  recently  as  1874,  and  has 
since  been  largely  utilised. 

Sonstadt's  solntion  consists  of  a  saturated  solntion  of  potassium 
iodide  in  water,  in  which  is  stirred  up  as  much  mercuric  iodide 
as  it  will  dissolve.  "  It  will  then  dissolve  more  iodide  of  potas- 
lium,  then  more  mercuric  iodide,  and  bo  forth.  The  iodides  dis- 
solve very  slowly  at  the  last,  and  as  it  is  beet  not  to  accelerate 
the  solution  by  the  application  of  heat,  considerable  time  must 
be  allowed  when  a  liquid  of  maximum  strength  is  required. 
The  solution,  after  filtering,  is  fit  for  use.  ...  It  may  be 
diluted  to  any  extent,  and  then  oonoentrated  by  heat,  without 
injury."  The  maximum  density  obtainable  falls  just  short  of  3'3, 
and  is  about  317  in  hot  climates,  these  figures  bnng  higher  than 
those  first  ^vea  by  Sonstadt 

In  addition  to  its  use  in  determining  specific  gravities,  Son- 
stadt pointed  out  that  his  solution  would  serve   to  separnt^ 

.  "tSTs. 
[o  Oravitiea,"  Chemicai  Aem,  vol.  zzix^ 
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mineral  partiolea  of  one  kind  from  others  with  which  they  might 
be  mixed,  as  in  the  case  of  diamondB  occurring  in  qnartz  sand. 
This  application  has  been  bo  far  extended  by  Thonlet  in  France, 
and  Ooldschmidt  in  Germany,  that  the  solution  has  often  been 
named  after  these   workers  instead   of  after   its  original  dis- 


Bohrbach'B  *  solntion  of  iodide  of  mercury  and  iodide  of  barium 
has  a  density  aa  high  as  3'A88,  but  decompoeus  on  addition  of 
water,  and  must  be  reduced  to  the  density  required  by  a  specially 
prepared  dilute  solution.  Neither  of  tJie  foregoing  liquids  are 
eatiafactory  for  the  traveller,  or  even  for  laboratory  use,  on 
Account  of  their  dangerously  corrosive  and  poisonous  character. 
They  have  been  largely  superseded  by  the  solution  of  borottmg- 
state  of  cadnuom,  first  prepared  by  D.  Klein,f  and  now  very 
widely  used.  This  is  also  a  pale  yellow  liquid,  with  a  density 
-of  Z-26 ;  it  can  be  diluted  with  water  and  again  concentrated  by 
heating  over  a  water-batb  until  a  hornblende  crystal  just  floats 
upon  the  sur&ce.  Any  overheating  will  cause  the  salt  to 
crystallise  out  on  cooling  down,  when  a  fresh  dilution  will  be 
necessary.  Though  poittonous,  tJie  borotungatate  is  not  irritant 
like  the  mercury  solutions ;  it  can  be  carried  about  in  a  stoppered 
bottle  in  the  solid  state,  and  dissolved  in  distilled  water  when 
required.  A  few  ready-made  solutions  of  known  density,  kept 
carefully  stoppered,  will  be  very  useful  in  the  diacriniinatjon  of 
gems.  The  only  objections  to  this  liquid  are  that  it  decomposes 
carbonates,  so  that  specimens  before  use  should  be  treated  with 
a  mild  acid ;  and  that  it  tends  to  crystallise  readily  upon  the 
stoppers  of  bottles  or  the  gla^s  rods  used  in  stirring.  The  rods 
and  vessels  used  should  always  be  washed  with  distilled  water, 
the  resulting  very  dilute  solutions  being  kept  together  in  a  bottle, 
to  be  concentrated  by  evaporation  whi^n  time  allows. 

Another  liquid  that  is  of  great  utility  has  been  brought  for- 
ward fay  B,.  Brauns.  t  He  uses  methylene  iodide,  which  moat 
be  diluted  with  benzene  and  not  with  either  water  or  alcohol, 
.and  which,  to  preserve  its  palti  straw-colour  and  transparency, 
must  be  kept  as  much  as  possible  from  the  light  When  it  has 
become  darkened,  as  must  eventually  happen,  the  colour  can  be 
restored  by  putting  a  few  globules  of  mercury  into  the  bottle  and 

*  KeMt  JahrbaehfOr  Mmeralogie,  die. ,  1S83,  p- 186. 

t  Oomptea  Readut,  tome  93  ;  Augiut  8,  1881.  The  lolntioD,  at  mailmnm 
■densi^,  u  sold  by  Marqnart,  of  Bonn,  at  aboat  £3  per  kilogramme.  On  its 
tnaoufaotors,  see  W.  Bdwarda,  Qtoi.  Mag.,  ISSi,  p.  273. 

:  Ntmu  Jahrbvehmr  Mineralogie.  Ac,  1886,  ii.  Band,  p.  72.  The  Uqnid 
b  sold  by  obamiosl  dsalers  at  about  48,  per  oe.,  three  or  fonr  ouncea  being 
a,  btix  quantity  to  begio  with. 
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jAaHng  the  whole  together  for  a  few  minntea.  This  liquid,  from 
its  not  crjrstalliaing  when  concentrated  by  evaporation,  is  veiy 
elektt  and  agreeable  to  uiG,  but  does  not  seem  so  adapted  for 
resMrcfaea  made  beyond  the  reach  of  laboratorieE  as  does  the 
borotnniratkte  of  caduMum  solution.  Methylene  iodide  can  be 
prepared  of  a  density  of  3-33,  which  gives  it  a  further  advantage 
over  all  but  Rohrbach's  solution. 

J.  W.  Betgen  has  showa  how  methylene  iodide  can  be  raised 
to  a  density  of  3-65  by  dissolving  iodoform  in  it  and  afterwards 
iodine.*  He  utilises  tor  the  extraction  of  rutile,  &&,  from  other 
heavy  minerals  varions  nitrates,  which  become  liqnid  at  about 
70*  C,  and  are  as  dpuee  as  6-0  (see  p.  120). 

Herr  W.  Mu'limann  f  proposes  the  use  of  acetylene  tetr»- 
brimida,  and  shows  how  it  may  be  very  cheaply  prepared.  It  is 
dilated  with  benzene,  or,  as  Mr.  C.  R.  Lindley  informs  me,  still 
more  oonveniently  with  petroleum  spirit,  known  commercially 
as  "deodorised  benzene."     Its  maximum  density  is  3-01. 

It  will  be  seen  that  the  dense  liquids  named  will  serve,  by 
proper  dilation,  to  detprmine  the  specific  gravity  of  most  of  the 
rock-forming  minerals,  though  tbey  mostly  fail  to  discriminate 
between  garnet  and  ruby,  topas  and  diamond,  Ac.  It  may  be 
noted,  however,  that  beryl  will  float  easily  in  a  solution  in  which 
green  tourmaline  sinks,  while  the  great  mass  ot  gems  can  be 
divided  off  by  similar  observations  from  quartz  and  other  worth- 
less matter.  The  specimenB  tested  sliould  be  examined  with 
a  high-power  pocket-lens  or  a  microscope  in  order  that  their 
purity  may  be  guaranteed  ;  and  it  is  obvions  that  abundance  of 
•ncloanres,  solid  or  fluid,  will  seriously  affect  the  results.  But 
in  practice  even  closely -allied  felspars  can  be  distinguished  as  to 
speciflo  gravity  by  this  method,  which  has  become  of  increasing 
value  with  the  researches  of  each  successive  year. 

Undoubtedly  the  happiest  development  of  the  method  has 
been  the  dlAnBlOD-Oolmmi  invented  by  Prof.  Sollas.{  A  small 
test-tube,  say  i  inch  in  diameter,  is  half  filled  with  the  liquid  at 
its  maximum  density ;  water  or  benzene,  according  to  the  dense 
liqaid  ased,  is  then  ponred  on  the  top,  no  special  care  being 
necessary.  The  tube  is  set  aside  for  twelve  hours  or  so,  by 
which  time  a  colnmn  will  have  been  produced  by  diffusion,  the 
density  of  which  increases  regularly  downwards.     Indexes  are 

*  Xevta  JaArb.  far  Mm.,  Ac.,  18B9,  ii.  Band,  p.  ISC ;  also  iftn.  Mag., 
vcL  is.  (1S90),  p.  46. 

t  ZeiltehTi/ifilr  Kryttaliographit,  Bd.  ixx.  (1899),  p.  73. 

Zffatttre,  vol  iliii.  (1S91),  p.  401;  and  1.  D.  La  Tonche,  Aid.,  voL 
M.,p.  199;  also  ftui.,  ToL  zlix.,  p.  211. 
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dropped  into  this,  either  in  tbo  furni  of  mineral  fragmeotg  of 
fcnnwn  spooific  gravitf ,  or  of  glass  beads  the  Utter,  ia  coloured 
varieties,  have  a  considerable  range,  and  may  have  their  densities 
determined  in  a  difFhsion-column  side  hj  aide  with  known 
mineral  indexes.  These  indexes,  beads  being  the  most  con- 
veoient,  float  in  the  difiusion-column  at  levels  corresponding  to- 
their  speoiflc  gravities ;  hence  the  density  of  any  mineral  frag- 
ment dropped  into  a  column  may  be  found  by  messnring  off  tlie 
distance  between  two  known  indexes  which  lie  respectively 
above  and  below  it,  and  also  measuring  the  distance  of  the 
mineral  ^m  one  or  other  index.  The  matter  is  merely  one  of 
simple  proportion,  and  the  same  column  can  be  used  for  many 
fragments,  and  in  experiments  extending  over  several  days. 
Mr.  La  Tonche  has  deviKed  an  accnrate  mode  of  measurement, 
by  drawing  a  thread  horizontally  across  both  a  graduated  mirror 
at  the  side  of  the  tube  and  the  tube  itself;  this  thread  is  carried 
by  a  sliding  piece  of  metal,  fitting  round  the  wooden  support  in 
which  the  teat-tube  is  fixed.  The  graduated  mirror  is  fixed  verti- 
cally on  the  support  at  one  side  of  the  tube,  and  the  poaitioo  of  anf 
object  in  the  liquid  is  read  off  by  making  the  thread  coincide  with 
the  centre  of  gravity  of  the  object,  the  reading  being  given  by  the 
division  cut  by  the  thread  when  the  eye  views  it  as  coinadeat 
with  its  reflection  in  the  mirror.  The  note  in  Natare  referred  to 
contains  figures  which  will  show  the  details  of  construction.  In 
many  cases  a  millimetre-scalp,  held  by  the  hand  against  the  side 
of  the  tnbe,  will  suffice  :ie  a  menns  of  measurement. 

Prof.  Bellas  poinia  out  that  even  gelatinous  precipitates,  if 
left  long  enough  in  the  liquid,  will  lose  their  water  and  will 
sink  to  their  proper  level. 


OHAPTBE    IV. 

filHFLE  TESTS   WITH   WET   REAHBHTS. 

The  test  of  BOlnbUity  in  water  may  be  important  in  agriculture, 
where  mineral  salte  of  potassium  are  applied  to  the  land.  The 
taste  ot  some  minerals,  as  rock-salt,  nitre,  &e.,  is  characteristic 

The  test  of  solubility  In  acids  has  been  very  freely  apphed  to 
minerals,  though  with  resulta  varying  according  t>)  the  strength. 
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of  the  wdd,  the  temperature  employed,  and  Uke  time  alloired  for 
the  attack.  Hjdrochlorio  and  snlpburic  amda  are  thoae  most 
oommonlT  required ;  nitrio  acid  may  be  uaefal  if  to  hand. 
Tarioaa  forma  of  stoppered  bottles  enclosed  in  omob  with  screw- 
caps  hare  been  doTiaed  to  meet  the  requirements  of  the  traTeller, 
It  is  well  not  to  keep  s  small  sulphuric  add  bottle  too  well  filled, 
on  aocoant  of  the  highly  hygroscopic  character  of  the  liquid. 
Any  neglect  or  defect  in  Bt<>ppering  will  allow  it  to  take  up 
water  and  orerflow  if  left  out  of  uae  for  any  length  of  time. 

The  mineral  to  be  tested  ahoold  be  roughly  powdered  and 
placed  in  a  small  teat-tube,  a  few  drops  of  add  being  poured 
upon  it  Water  should  be  added,  sinoe  solution  does  not  always 
take  place  in  the  concentrated  add.  The  results  may  be  noted 
both  in  cold  acid  and  after  boiling.  In  all  cases  the  time  of 
immeision  in  the  acid  and  the  other  oonditdons  of  the  experimMit 
should  be  noted  where  comparison  is  desired.  As  these  &cts  are 
rarely  stated  in  books  on  mineralogy,  typical  and  known 
specimens  should  be  compared  with  the  doubtfol  one  under  the 
same  conditions.  Should  complete  solution  take  place,  farther 
qtialitative  tests  may  be  applied.  Ammonia,  which  is  often 
carried  by  tnvellers,  will  thus  serve  to  precipitate  alumina  and 
iron  from  solation  in  hydrochloric  add ;  and  a  nnmber  of  other 
reactions  will  readily  suggest  thamselTes. 

Some  silicates  are  deoorapoeed  by  boiling  in  hydrooblorio  add, 
partioulafty  those  that  are  hydrated  or  with  a  low  percentage  of 
silica.  The  silica  separates  either  in  a  powdery  or  a  gelatinous 
condition,  the  jelly  of  silicic  hydrate  being  often  well  seen  after 
partial  evaporation  and  cooling  of  the  liquid.  The  mass  clings 
to  the  test-tube,  but  may  be  removed  by  boiling  with  a  strong 
solution  of  sodium  carbonate. 

Good  examples  for  observing  this  gelatinisation  are  natrollte, 
nepheline  (or  eleoJite),  wollastonitcs  and  ilvaite.  The  great  ma- 
jority of  olivine  crystals  also  gelatinise  easily,  and  may  be  thos 
distinguished  from  pale  pyroxenes,  which  are  not  decomposed. 

Bat  it  must  be  remembered  that  the  nreaternnmber  of  natural 
dlioates  are  not  decomposed  by  adds.  In  such  oases  it  is  neces- 
sary to  fuse  the  powder  for  some  time  with  sodium  carbonate  in 
k  platinum  spoon,  on  platinum  foil,  or,  less  conveniently,  on 
diarcoal,  and  to  treat  tjte  resolting  mass  with  water  and  hydro- 
flhloric  add  in  a  dish  or  teet-tabe.  The  silica  now  separates  out, 
while  tiie  bases  go  into  solation.  To  extract  the  whole  of  the 
nlica,  the  mixture  must  be  evaporated  to  dryness,  lumps  being 
broken  no  with  a  rod  or  Bpatub^  at  a  temperature  somewhat 
above  100'',  overheating  being  liable  to  cause  recombinatioo. 
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Again  add  hydroohlorio  acid  and  water,  and  heat;  the  dlioa  caa 
BOW  be  filtered  off,  and  the  basea  in  the  solation  are  ready  for 
mj  further  experiments. 

The  commonest  and  most  important  uBe  to  which  aoidB  are 
pat  by  the  geologist  is,  however,  in  the  ezamlnation  of  oarbonateB. 
A  &ee  effervesoenoe  occara,  carbonic  anhydride  being  giTeu  ofi^ 
when  a  carbonate  is  placed  in  hydrochloric  acid.  The  add 
should  be  slightly  diluted,  and  in  many  cases  moat  be  heated 
before  the  reaction  will  take  place.  Sulphides  of  certain  metals, 
as  Due,  lead,  and  iron,  are  decomposed  similarly  with  evolution 
of  bubbles  of  sulphuretted  hydrogen ;  but,  provided  the  mineral 
examined  be  itself  free  from  inoladed  salphides,  there  is  littJe 
daiiger  of  any  confimon  being  caused.  TiM  smell  of  the  sul- 
phuretted hydrogen  is,  moreover,  noticeable,  even  among  the 
frimes  of  Ute  hot  acid. 

l!lie  use  of  the  acid-bottle  in  the  field  itself  is  very  limited, 
owing  to  the  oocurrenoe  of  dolomite  and  other  carbonates  which 
do  not  efi'ervence  until  heated.  Thus  the  rough  and  ready  test 
of  patting  a  drop  of  acid  directly  upon  the  mineral  or  rock  is  of 
service  in  indicating  oalcite,  but  by  no  means  decides  that  the 
Bubstanoe  is  not  a  carbonate  when  no  efiervesoence  is  obtained. 
Beating  in  the  t«8t-tube  is  the  only  sure  method ;  a  few  granules 
of  the  substanoe,  a  small  tube,  a  matoh  or  so,  and  the  acid-bottle, 
being  all  the  apparatus  required.  The  ocourrenoe  of  dolomite  is 
often  overlooked,  and  some  hard  dolomites  have  even  been  re- 
garded as  quartzites  on  account  of  their  non-efierveBoenoe  in  oold 

In  1877  Dr.  H.  Oarrington  Bolton  read  a  paper  urging  Uia 
nse  of  organic  adds  in  the  examination  of  minerals,*  and  in  this 
and  subsequent  publications  he  has  described  a  aeries  of  very 
successful  experiments,  showing  that  in  particular  oitrio,  tartaric, 
and  oxalic  adds  efiect  deoompositioos  for  which  hydrochloric 
acid  has  generally  been  thought  necessary.  Citric  acid  may 
thus  be  carried  about  in  a  a^d  form,  a  satnrated  solution  ia 
oold  water  may  be  made  at  any  time,  and  the  ordinary  tests  for 
the  presence  of  carbonic  anhydride,  or  sulphur  in  oertain  sul- 
phides, may  be  peribrmed  wili  this,  hot  or  oold,  in  a  test-tube. 
Some  silicates  are  decomposable,  with  or  without  gelatiniaation, 
and  in  many  cases  the  solution  does  not  require  to  be  heated. 
Ordinarily  a  rather  longer  time  must  be  allowed  for  the  action 
of  &e  acid  than  ia  the  case  with  hydrochloric  acid. 

*  "  AppUoation  of  Organic  Acids  to  the  Eiaaiiiuition  of  UinernlB," 
AnnaUlfeui  York  Aead.  of  Sdauia,  voL  i.  (ISTQ),  p.  1.'  See  for  this  and 
later  iT<»k  Ohemieal  Netot,  toIb.  xxivi.,  zzivii.,  uid  lUii 
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Dr.  Bolton  has  tabulated  his  results  with  oitrio  aoid,  which  is 
the  moat  useful  reageut;  *  he  funplojs  also  a  boiling  solatioa  of 
-citrio  acid  to  which  Bodium  nitrate  is  added,  and  imitates  the 
reactions  of  hydrochloric  acid  by  introducing  iodine  in  the  form 
of  polassinm  iodide,  which  is  decomposed  by  the  hob  citric  acid,  t 
The  valne  of  these  reealts  obviously  consists  in  the  fact  that  the 
reagents  are  solid,  and  are  dissolved  only  as  required. 

From  the  series  of  minerals  examined  we  may  quote  the 
following : — 


A.  Wiihout  evolution  of  gat, — Bradte  (cold  solution).  Qypsnm 
<on  boiling). 

R  With  molvtion  of  earbonie  anhydride. — Calcite  and  ars- 
gonite  easily  in  cold  solution;  dolomite  and  ankerite  fitr  less 
easily;  chalybite  and  magnente  only  on  boiling.  It  must  be 
noted  in  testing  for  carbonates  with  hot  citric  acid  that  the 
oxides  of  manganese  ^nsmannite,  pyrolosite,  manganite,  pailtv 
meUne,  and  md)  evolTe  carbonic  anJtydride  by  decomposition  of 
the  dtric  add;  hat  the  character  of  these  minerals  is  not  likely 
io  allow  of  oonfosion  with  carbonates. 

0.  With  tvottUi&n  o/  eulplmretud  hydrog&n. — Galena,  zino- 
tileodc^  and  p^rrhotine,  in  oold  solation.  Iron  p3rriteB  resists 
nntn  Ixdled  with  citric  aoid  and  sodiom  nitrate,  when  it  readilj 
decomposes,  whether  in  the  cnbic  or  rhombic  (marcasite)  form. 
OomMrpyritee  requires  similar  treatment. 

D.  with  tepanUum  of  riUca. — Nepheline,  analcime,  stilbit^ 
And  wollastonite  yield  olica  in  a  cold  solution  (long  standing  is 
'desirable),  becoming  partially  decomposed ;  natrolite  and  hemi- 
morphite  are  decomposed  with  gelatinisation.  Serjtentine  and 
ilvaite  are  deoomposed  only  on  boiling,  without  gelatinisation. 

Olivine,  angite,  epidote,  almandine,  and  hornblende  (slightly) 
Itave  been  decomposed  by  boiling  the  solution  and  adding  potas- 
nam  iodide. 

E.  Among  the  minarait  that  an  not  cUeompoted  by  the  above 
attacks,  we  may  quote  diopside,  asbestos,  zircon,  idoorase,  soisite, 
the  micas,  leudte,  sphene,  talc,  the  felspars,  baiytes,  celestinO) 
JLud  anhydrite. 
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In  testing  for  ordinaiy  limeBtonea  in  the  field  itself  ve  find 
th&t  ft  little  of  the  potrdered  citric  aoid  may  be  shaken  from  a 
tnbe  npon  the  rock-surface ;  an  area  kbout  an  eighth  of  an  inch 
aqoare  is  ample  for  the  purpose,  though  of  coarse  the  test  should 
be  applied  to  difierent  portions  of  the  same  mass.  The  addition 
of  a  drop  of  water  prodnoes  alaioat  immediat«  eServescenoe  if 
the  material  is  troly  caldte.  The  bubbles  formed  oan  be 
observed  with  the  leus  or  the  eye  alone.  In  the  case  of  loose 
friable  rocks  such  as  chalk  the  reaction  is  very  brisk  ;  but  with 
cryatalline  marbles  a  minute  or  so  should  be  allowed.  It  is 
olear  that  in  rough  hill-work  it  is  better  to  cany  a  flask  of  water 
and  the  dry  citno  aoid  than  to  risk  the  fracture  of  a  bottle  of 
hydrochloric  acid  in  the  pocket 

Just  as,  by  the  aid  of  the  blowpipe,  the  geologist  is  accustomed 
to  perform  many  qnalitative  operations  with  a  very  limited 
supply  of  material,  so  a  number  of  wet  reactions  familiar  to  the 
chemist  may  be  repeated  upon  quite  a  microscopic  scale.  Thus 
the  examination  for  phosphoric  acid  in  apatite  can  easily  be 
carried  out  by  placing  a  particle  of  the  mineral  upon  a  glass  slip 
and  dropping  upon  it  a  little  of  the  nitric  add  solution  (rf 
ammonium  molybdate.  In  a  few  minutes  the  oharaoteristio  yellow 
crystalline  precipitate  will  have  formed  as  a  ring  at  a  httle- 
distance  from  the  granule.* 

Decomposable  oompoonds  of  caloiam  may  be  similarly  treated 
wit^  hydrochloric  acid  upon  a  microscopic  slide ;  the  addition  of 
a  drop  of  sulphuric  acid  to  the  solution  throws  down  orystals  of 
gypsum  in  radial  bunches  or  still  more  characteristic  forms, 
which  can  be  examined  at  once  under  the  microscope.  HlcrO' 
ohemistry  has,  indeed,  become  a  special  study,  and  will  greatly 
facilitate  the  determination  of  the  minute  fragments  with  which 
a  geologist  is  often  called  upon  to  deal.  But  for  detailed  accounts 
of  the  various  methods  put  forward,  the  student  may  best  refer 
to  A  Manual  of  Mterochemical  AnalyHt,  by  Prof.  H.  Behrens, 
with  historical  introduction  aud  references  to  previous  literature, 
by  Pro!  Judd  (Macmillan  &  Co.,  1891).  Many  of  the  processes 
are  rendered  more  difficult  than  would  at  first  appear  by  the 
great  care  that  must  be  taken  as  to  the  purity  of  the  reagents 
used. 

*  Itmnit  ba  nmambered  that  aiieiiates  give  a  uHllar  resottoii. 
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CHAPTER   V. 

■XAHINATIOK   07   MIRSBALB  WITH  THB  BLOWPIPE. 

I.  Appaiatas  aad  Reagents. 

No  geologist  can  consider  himself  equipped  for  determinative 
obeerratianB  until  be  bae  a7Btematii»l]}r  examined  a  series  of 
^pical  minerals  with  the  blowpipe  and  with  assooiatsd  tests. 
The  instruments  and  reagents  required  are  few  and  simple,  and 
may  be  had  from  chemical  dealers  packed  into  boxes  of  very 
moderate  size.  For  purely  qualitative  determinations,  such  as 
u«  here  described,  the  following  apparatus  will  probably  bo 
found  Bufficieat . — 

A.  Appabatub. 

Blowpipfli — Black's  form  in  brass,  with  its  oonioal  tube,  or 
preferably  Flattner'a,  in  which  the  parts  are  usually  better 
made;  both  are  convenient  inBtnunents.  Some  workers  prefer 
an  expanded  mouthpiece  to  the  ordinary  tubular  one  of  bone ; 
but  this  is  much  a  matter  of  opinion.  The  nozzle  is  far  more 
important  than  the  mouthpiece,  and  its  aperture  should  be 
cleanly  circular  and  not  too  large.  As  sold,  this  generally 
requires  adjustment.  The  end  of  tiie  nozzle,  whether  brass  or 
platinum,  shoold  be  slightly  hammered  over,  so  as  to  contract 
the  aperture ;  this  should  again  be  enlarged  by  thrusting  a  large 
pin  or  needle  through  it,  any  metal  projecting  outwards  being 
removed  with  a  fil&  Elxamine  with  the  lens,  and  repeat  the 
operation  until  a  perfectly  circular  opening  is  produced.  The 
size  may  vary  with  individual  requirements,  but  probably  few 
workers  will  need  an  aperture  larger  than  this  dot  (  •  ). 

A  platinum  uoizle,  costing  about  three  shillings  extra,  may  be 
added  to  any  blowpipe,  and,  besides  being  clean,  can  never  cause 
fiolouratian  in  the  fliune. 
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Lamps. — Blowpipe-l&mps  are  so  convenieat.  being  anenoum- 
bered  witli  tabee  or  taps,  that  the  nse  of  gas  Id  such  work  is  %. 
very  qaentdouable  luxury.  Where,  hoTever,  gas  is  obtainable, 
the  ordinary  BanBen-burner  serrefl  all  purposes.  The  air  being 
admitted  below,  it  provides  a  clean  flame  for  the  heating  of  glass- 
tnbes  and  for  obserring  the  oolonration  dne  to  volatile  oxides ;. 
with  the  air-holes  closed,  and  the  flame  redaoed  to  about  1^ 
inches  in  height,  it  gives  a  luminoiu  oone  that  can  easily  b» 
manipulated  by  the  Uowpipe. 

A  brass  tnba,    flattened    at    the  top   and  cat  off  obliqnely 

(fig.  6),  should  be  dropped  into  the  ordinary  Bnnsan-tube  (roia 

above,  preventing  the  access  of  air  by  snrroondin^  ih» 

fir       jet  where  the  gas  enters,  and  at  the  same  time  giving  a 

flattened  flame  above,  the  blowpipe  being  directed  along 

the  slit-like  opening. 

Where  gae  cannot  be  had,  any  simple  spirit-lamp,  or 
the  colonrless  blowpipe -flame,  will  serve  for  boiling 
specimens  in  acid,  Ax.  The  blowpipe-lamp  may  bam 
oil,  and  be  provided  with  a  sorew-oap  for  travelling. 
The  wick  should  be  flat.  A.  small-sized  cycUst's  head- 
lamp is  not  unsuitable,  as,  in  its  ordinary  case,  it  can 
be  kept  upright  and  utilised  as  a  lantern.  Olive  or 
^^  refined  ocOza  oil  is  recommended  for  blowpipe  work. 
gHg_  g_  By  &r  the  best  lamps,  however,  where  space  is  limited ' 
and  things  have  to  be  easily  stowed  away,  are  those 
filled  with  grease  or  solid  paraffin.  A  little  oylindrioal  box  of 
tin  has  a  wick-holder  soldered  on  one  side,  through  which  a 
flattened  wick  is  drawn.  The  box  is  then  filled  by  melting  dowa 
old  candle-ends,  or  in  any  other  convenient  way  aooording  to  th» 
materials  available.  When  brought  into  nse,  the  wick  is  lighted 
and  the  Same  directed  with  the  blowpipe  upon  the  sur&ce  of  the 
solid  tallow,  until  this  is  melted  to  a  depth  of  about  a  quarter  of 
an  inch  Ihe  lamp  will  then  become  hot  enongh  daring  use  for 
a  continuous  supply  to  be  maintained ;  bat  it  is  still  better  to 
hold  the  lamp  wi'di  the  pliers  over  the  spirit-lamp  until  all 
the  contents  become  fluid.  When  about  half  or  three-quarten 
wnpty,  it  is  well  to  drop  in  exti«  lumps  of  fiiel — a  single  candle- 
end  or  so— during  use,  and  this  additional  material  becomes- 
melted  ap  slowly  with  the  rest.  The  wick  must  be  freely 
supplied  with  fluid  fael,  or  it  will  char  and  waste  away.  If  the 
lamp  is  kept  sufficiently  hot,  the  wick  will  not  require  raising 
during  a  day's  work ;  hot  it  can  easily  be  thmst  up  with  a  knife* 
point  after  the  flame  has  been  at  work  for  a  few  minntei. 

A  oylindrioal  cap  fits  down  upon  the  lamp  when  pat  anda^ 
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ud  serres  also  u  a.  stand  for  it,  a  little  stop  projeotiiig  from  tha 

side  of  the  lamp  and  catching  on  the  edge  of 

the  inverted  oover  (fig.   7).*     More  elaborate  — ~~— ^ 

forms  of  lamp  upon  the  same  principle  have 

been  oonstructed  by  varions  makers. 

Id  the  matter  of  combo  etibles,  Mr.  Attwood 
makes  a  valuable  sagMstion  {Pra^ieal  Bloiopipe 
Aatayinff,  p.  7)  : — "In  some  countries — the 
interior  of  Boiith  America,  for  instance — 
aloohol  cannot  be  procured  except  at  a  great 

oost;    but  as  crude  spirits  made  from  sugar-  

cane,  Ac,  are  generally  plenti^  in  such  places,  Fig.  7. 

they  afford  the  explorer  a  good  sulHtitnte  for 
aloohol  as  well  as  oil,  owing  to  the  pTesenoe  of  more  oarbou  than 
pure  alcohol  oontains.     The  spirite,  nowever,  contain  some  water; 
and  after  the  fuel  is  about  one-half  consumed  it  is  best  to  empty 
the  lamp  and  fill  again  with  ireah  spirits."  f 

Hattnom  Wn. — Twelve  inches  or  so  of  wire  should  be  kept 
on  hand  if  much  work  is  undertaken,  as  it  is  liable  to  suffer  from 
the  formation  of  fusible  alloys.     It  should  not  be  so  thin  as  to 

tremble  in  the  hand,  nor  yet  thicker  than  this  line  ,  so 

that  it  may  not  oonduot  away  the  heat  too  freely  from  an  assay 
supported  on  it.  One  end  may  be  twisted  roaud  in  a  ooil  to 
serve  as  a  handle,  or  pieces  5  centimetres  or  so  long  may  be 
fused  into  handles  made  of  glass  rod. 

A  strip  or  two  of  platlnnm  foil,  6  centimetres  by  2,  may  be  at 
times  useful  as  a  support  during  fusions ;  and  a  spoon  of  the 
same  metal,  like  a  tiny  crucible,  which  can  be  held  in  the  for- 
ceps by  a  projecting  tougoe,  forms  a  handy  acoeasory,  though  a 
luxury.  LT  tiie  platinum,  after  use,  does  not  become  cleaned  by 
hot  water  or  acid,  a  little  bisulphate  of  pot«sh  should  be  fused 
upon  it,  and  dissolved  off  in  hot  water,  leaving  a  perfectly  clean 


CharcoaL — This  is  used  ss  a  support  for  assays  and  as  a  reagent 
fbr  their  rednotion.  If  ordinary  tarred  wood  is  used,  it  should 
be  out  into  convenient  prisms  some  10  centimetres  long,  with  a 
section  G  cm.  square.  It  should  give  little  ash,  and  should  not 
be  liable  to  split  and  crack  suddetdy  during  heating.  Fine  wood 
is  preferred.  The  best  supports  are  made  by  nibbing  up  finely- 
powdered  charcoal  in  a  mortar  with  &irly  thin  starch  paste, 
made  with  boiling  water,  until  a  stiff  mass  results.  This  can  be 
moulded  before  drying  into  any  suitable  BhHpe.    The  support, 


him  Mparatalp  for  lOd. 

t  Biaellent  work  oan  be  dtne  witii  an  ordinary  candle,  eepeeully  if  the 
flsBM  ii  directed  horiBomUlly,  sod  not  down  upon  the  tallow. 
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when  dry,  u  he&ted  just  to  rednen  is  a  cmcible,  to  ohar  the 
starch  cement. 

Good  blocks  prepared  in  this  way,  and  of  the  size  above  giTen, 
can  be  pnrohased  of  ohemical  dealere.  Small  cap-like  mpports, 
which  are  sometimes  called  "pKstillds,"  can  be  made  by  presaiiig 
the  materiid  with  a  roand-etided  stick  into  a  basin-shaped  hollow, 
■boat  2  cm.  in  diameter,  out  in  a  block  of  wood.  Flattner 
recommends  that  both  the  mould  and  stamp  should  be  rubbed 
over  with  charcoal  dust,  and  that  a  strip  of  paper  be  laid  in  the 
mould  to  facilitate  the  removal  of  the  cup  when  made.  The 
little  charcoals  thus  prepared  can  be  easily  dried  and  ignited, 
and  can  be  supported  in  the  flame  on  a  ring  of  stoat  wire  when 
linally  brought  into  use.  Where,  however,  encrustations  have 
to  be  looked  for,  forming  at  any  distance  firom  the  assay,  a  pro- 
longation of  the  charcoal  is  required,  on  the  cool  sar&ce  of 
which  they  may  be  deposited.  Thus  in  the  case  of  areenic  it  is 
well  to  have  several  inches  of  charcoal  beyond  the  point  where 
the  specimen  is  being  heated.  The  long  blocks  already  men- 
tioned are  here  of  advantage  ;  bata  support  of  unglased  porcelain 
is  sometimes  used,  the  "paatUle"  being  placed  in  a  depression 
at  one  end  of  its  upper  suriace.  This  surface  is  smoked  over  by 
the  flame  of  the  lamp,  and  serves  admirably  to  receive  the 
encrustations.  The  great  advantage  of  this  method  is  that  any 
reagente  absorbed  cannot  contaminate  the  charcoal  used  ia  snb- 
sequent  work.  The  little  cup  is  thrown  away  when  done  with, 
and  a  clean  one  set  in  its  place.  Larger  charcoals  must  be  cut 
or  filed  away  until  a  reliably  clean  snruoe  is  restored. 

Boss's  ftlnndniom  plate,  10  cm.  by  5  cm.,  and  1  mm.  thick,  ia 
also  used  as  a  support,  the  lower  end  being  turned  up  at  an  angle 
of  60*  to  carry  the  little  iJiarooal,  and  the  longer  part  receiving 
the  sublimate.  Many  of  the  encrustations  thus  seen  are  &r  more 
vivid  than  on  the  Burfaoe  of  charcoaL  The  plate  can  be  cleaned 
with  a  wash-leather,  bone-ash,  and  water.* 

Fontepa. — A  pair  of  steel  forceps  with  platinum  points  iS' 
practically  indispensable,  so  made  as  to  be  self-closing.  A  light 
pressure  on  the  sides,  at  some  distance  from  the  heated  end, 
should  suffice  to  separate  the  points.  Splinters  ar«  held  in  these 
when  fusibility  is  being  tested;  but  metallic-looking  substances, 
or  any  suspeoted  of  oontaining  arsenic,  antimony,  lead,  zinc,  or 
bismuth,  should  never  be  heated  in  the  forceps,  Inst  the  platinum 
tips  should  become  fused.  Small  glass  tubes  can  generally  be 
gripped  by  such  forceps  when  placed  behind  the  platinum  points. 

Hagnet. — Any  small  bar  form. 

Anvil  and  Hammer,  or  Steel  Craahing-Mortar. — A  little  square 

■  Dr.  Eaanel  hu  lued  plaster  of  ParfS  plates,  tha  advaQtagM  of 
wbtoh  are  dMeribed  on  p.  B5. 
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Mtvil  of  pollsbed  steel  and  a  light  steel  hammer  are  reqnired  fbr 
brewing  np  minerals  prior  to  the  transference  of  the  partieles 
to  the  agate  mortar  for  final  griniliBe.  A  cylindrical  steel 
mortar  with  accurately  fitting  peatlo  u  of  oonrae  still  more 
convenient;  bat  moat  cases  of  difficulty  are  met  by  the 
arrangement  sapplied  with  Letoher's  blowpipe-cabinets.  The 
mineral  fragment  ia  laid  apon  the  anvil ;  a  little  ateel  ring, 
about  7  millimetres  deep,  is  placed  round  it,  corresponding  to 
the  wall  of  the  onuhing-mortar ;  and  a  cylindrical  pestle,  fitting 
into  this,  ia  hammered  down  upon  it 

Agate  Hortor  and  Pestle. — A  good  si^e  is  5  cm.  in  diameter. 
The  pestle  may  be  mounted  in  a  wooden  handle,  as  the  agate 
itself  is  likely  to  be  small  for  the  hand. 

Pliers. — Steel  pliers  are  often  uaeftil  for  detaohing  firagmenta 
from  specimens  where  the  blow  of  a  hammer  would  be  diaastroos. 
A  cutting  edge  is  also  of  value. 

File. — A  small  file,  triangular  in  section,  is  required  to  ont 
up  glass  tubing  and  for  certain  observations  on  hardness. 

WMM  Tobing This  is  sold  by  the  pound,  and  should  have  a 

bore  of  about  6  millimetres.  It  should  not  yield  too  easily  to 
the  flame.  It  is  cut  np  into  pieces  some  12  cm.  long,  by 
notohing  it  with  the  file  and  then  breaking  it  across.  Some  of 
thcoe  piece*  are  hept  as  open  tubes.  To  make  closed  tubes,  hold 
one  end  of  an  open  tube  in  each  hand,  and  bring  the  oentre  into 
a  Bansen-flame  or  that  of  a  spiric-lamp.  V^en  this  part  is 
thwougbly  softened  by  the  heat,  draw  apart  the  two  ends,  and 
two  &urly  r^^ar  closed  tubes  vill  result.  The  closed  ends  of 
these  must  not  be  knotty  or  thickened,  or  they  will  crack  on 
being  again  brought  into  the  flame.  It  is  seldom  worth  while  to 
spend  much  time  in  the  elaboration  of  a  bulb  on  a  closed  tube, 
smce  a  heavy  sublimate  or  the  fadon  of  the  assay  into  the  glass 
win  render  it  useless  fbr  other  experiments. 

Glais  Bod. — A  fuw  pieces,  of  a  sise  that  will  fit  down  into  the 
tubing.     The  ends  should  be  rounded  in  the  Bunsen  or  blowpipe 

Test-tabes. — ^Taste  difiers  as  to  the  size  of  these,  but  1  cm.  is 
an  ample  diameter.  In  the  absence  of  a  proper  stand,  they  can 
always  be  kept  upright  in  a  gallipot  or  wide-mouthed  bottle. 
ThCT  are  used  for  teats  with  wet  reagents. 

Watoh-glaBBeS. — In  the  absence  of  these,  circular  palettes  from 
a  oolour-box  are  useful.  Reactions  with  wet  reagents,  where  the 
behaviour  of  the  mineral  particle  has  to  be  observed,  are  often 
best  conducted  in  these  vessels.  They  serve  also  as  clean 
receptacles   for  specimens  and  reagents   that  are  set  out  fi>r 
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immediate  xuk,  A.  cheap  donble  ooncave  lens  is  rather  an  im- 
proTement  upon  the  ordinary  watoh-glftss,  sinoe  it  will  stMiA 
firmly,  and  either  snrfiioe  can  be  uaed. 

PorceUin  Dishes. — Two  or  three,  abont  3  om.  in  diameter  and 
fairly  deep,  made  to  resist  heat.  They  should  stand  withont 
support,  and  are  invaluable  for  treating  minerals  eitiier  in  boiling 
or  cold  acid.     For  travelling  they  are  far  superior  to  beakers. 

Bias  aiaB8.~Three  2-inoh  squares  of  oobdt  ^ass,  of  different 
thioknessee,  are  required  for  obBorring  some  fiame^oloontions. 
A  wooden  block  of  sufficient  height,  with  a  groove  at  the  top, 
will  support  the  glass  between  Hhe  eye  and  Uie  flame,  and  leave- 
both  hands  of  tiie  operator  tne. 


B.  RsAQBirra 

Bonx. — Powdered  crystals. 

MiorocOBmlo  Salt  (hydrogen  sodiam  ammonium  phosphate). — 
Powdered  crystals.  These  two  dry  reagents  are  used  as  flnzes- 
on  platinum  wire,  oharaoteristio  colours  being  imparted  by  manj 
metallic  oxides  to  the  glass  formed  on  fnsioa 

CEirbonate  of  Soda. — Powdered  crystals  of  the  dry  oarbonate. 
They  must  be  tne  &om  eulphor  (see  Sulphur  test,  p.  57).  Used 
to  effect  fnsious  and  reductions  on  ohaiWMJ,  and  as  a  test  tor 
manganese. 

Nitrate  of  Cobalt — A  solution  of  the  orystab  in  10  parts  of 
water,  kept  in  a  stoppered  bottla  Drops  can  be  taken  out  with 
a  glass  rod  or  a  tube  drawn  out  as  a  pipette ;  or  a  little  glass  balb 
can  be  made,  with  a  narrow  neck,  l^is  bulb  is  heated  and  tbe- 
neck  placed  beneath  the  solution,  a  little  of  which  enters ;  on 
reheatiug,  so  as  to  convert  the  water  present  into  steam,  and 
again  immeniing  the  neck,  the  bulb  becomes  nearly  filled.  When 
held  inverted  in  the  hand,  the  air  within  expands  and  forces  out 
the  liquid  in  convenient  drops  (Brush,  Daterminatim  Mineralogy). 

Hydroahlorio  Add. — Ooncentrated,  in  stoppered  bottle. 

Bn^hnric  Add.— Concentrated,  in  stoppered  bottle.  Dilution, 
must  be  performed  carefully,  owing  to  the  heat  evolved. 

In  use,  a  tittle  of  each  of  these  acids  must  be  poured  out  into, 
watoh-glasses  or  beakers,  sinoe  wires,  ka.,  have  to  be  dipped  in. 
them,  and  the  main  store  in  tbe  bottle  must  be  left  absolutely 
uncontaminated.  This  precaution  is  very  simple,  but  a  warning: 
on  the  point  is  often  necessary. 

Tln-folL — Used  to  bcilttate  many  reductions,  both  in  borax. 
and  in  hydroohlorio  add. 
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Copper  Wn  (Bome  woAen  noe  copric  oxide). — Used  in 
testing  for  olilorine,  owing  to  its  oombination  with  the  copper 
ftnd  the  colour  conseqaently  imparted  to  the  flame. 

The  following  reagents  are  less  important ; — 

Potaasimn  Buulphate  (E.HBOJ. — Powdered  crystals  in  stop- 
pered bottle.     TTBed  in  some  fnaions. 

Flaor-spar. — Powdered.  Mixed  with  the  above  in  teating  for 
boron  in  the  flame,  bat  of  doubtful  v&lne. 

HagnerfnilL — The  ordinary  magnesinm  tape  or  wire.  Used 
in  testing  for  phosphorus. 

PotasMm  Iodide  and  Solplmr. — ^A  mixture  of  equal  part*. 
Used  on  chwookl  in  disoriminatiiig  between  the  enoraatation» 
due  to  lead  and  bismuth. 

Silver  ChioridO. — Used  to  intensify  some  flame-oolonratioDS. 

Gold. — In  small  beads.  For  deteimining  nickel  in  presence  of 
cobalt. 

Hitrio  Aoid<~In  stoppered  bottle. 

Asunonlnin  Holybdate. — Dissolved  in  ammonia  and  added  t» 
dilute  nitric  acid.  Fresenius  gives  the  proportions : — Ammonium 
molvbdate,  10  grms. ;  ammoaio,  sp.  gr.  *96,  40  cc ;  strong  nitrie 
acid,  80  cc  ;  water,  80  oc     For  detection  of  phosphates. 

Bone-aBh.-^For  nie  in  cupellation  (p.  66). 

Fuel  for  the  lamps  most  not  be  ne^ected  when  travelling. 


0.  WoBKs  oir  Blowpipb-Aitai-tbib. 

G.  AiTwooD.   PnMtiool  Blowpipe  AssayiDK.   Sainpeon  Lowft  Ci>.,  ISM 

Q.  J.  Bbush.  UsDoal  at  DetorminatiTB  MiDeralogv.  WiW  ft  BoiUr 
New  York;  Chapmui  k  Hall,  London.  Ifith  ediuon,  1898.  (A  r»- 
nurkabW  aleor,  oonoiM,  and  VBloable  work,  now  without  a  rival.) 

Von  KoBSUi.  Lea  Mindnnz  (Frenoh  edition  by  PisAin).  Rothachild, 
Paris,  IBTB.     (A  book  f<^  the  poohet,  embodying  mnoh  informatioD.) 

PLATnTKB.  Qualitative  sud  Qnantit«tive  Analyna  with  the  Blowpipe. 
Edited  by  Biahter  and  OocAetley.     Chatto  ft  Windna,  London,  1876. 

W.  A  Bobs.   Manual  o(  Blowpipe  Analysis.    Sampson  Low  ft  Co.,  ISSO. 


n.  Blowptpa-Oparations. 

A.  Pboddotion  or  tbs  Blowpipb-Fuhk. 

TMstend  the  cheeks  and  breathe  in  and  out  as  usual  by  the 
nose.  Now  plaoe  the  blowpipe  between  the  lips,  or  the  trumpet 
nionthpieoe  agaiost  them.    Some  of  the  expired  air  will  pass  oat 
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4>7  the  tabe,  under  preasure  from  the  tensioa  of  tlie  oheeki,  sad 
the  rem&inder  will  paas  out  through  the  noee.  At  short  inters 
vals  the  oheeks  moBt  be  re^tistended  in  order  to  mnintain  the 
preaeare.  In  this  way  »  continuoiu  blaat  can  be  kept  up  with- 
■ont  interfering  with  the  ordinary  action  of  the  Innga.  Fractioe 
is  all  that  is  necessary  ;  most  of  the  difScultiee  that  at  first  oocnr 
are  oansed  by  the  emdeaTonr  to  force  all  the  expired  air  oat 
through  the  blowpipe  instead  of  l:^  ita  natural  exit,  and  I:^ 
allowing  the  oheeks  to  fall  in  too  &r,  bo  that  a  sudden  distensiim 
becomes  necessary  and  the  blast  ia  momentarily  checked. 

It  is  necessary  in  some  rednotions  to  maintain  a  blast  for  two 
to  three  minnt«8,  bat  seldom  longer,  and,  when  the  habit  u 
once  acquired,  time  makes  little  difference ;  but  aaliva  is  apt  to 
aocamalate  in  the  bottom  of  the  blowpipe  during  long  blowing, 
and  the  expanded  part  there  must  occasionally  be  emptied.  In 
Fletcher's  hot-blast  blowpipe,  where  the  tube  bearing  ths 
nuzzle  is  coiled  roand  so  as  to  become  heated  above  it  in  the 
upper  part  of  the  flame,  all  moistare  is  oonverted  into  steam 
)>efore  it  can  reach  the  orifice.  This  form  of  blowpipe  u  par- 
ticularly adapted  for  effecting  fusioiis  and  oxidations,  bat  the 
Jiot  sar&ce  of  the  tube  is  sometimes  an  inconvenience  when  laid 
tipoa  the  table. 

Far  persons  whose  breathing  ia  in  any  way  affected,  a  hand- 
.  bellows  may  be  necessary,  such  as  th&t  made  by  Fletcher  of 
Warrington,  which  is  a  reproduction  in  miniatnre  of  the  well- 
known  fiiot-bellawa,  and  gives  a  good  continuous  blast.  But  for 
travelling  purposes  and  allowing  the  operator  every  delicacy  of 
■control  over  the  flame  there  is  little  doabt  that  the  mautb> 
blowpipe  is  the  best 

When  the  blast  can  be  produced  without  effort,  place  the 
nozzle  just  outside  the  flame  of  the  lamp,  directed  along  the 
wick  or  tiie  slit-like  orifloe  of  the  gas-burner,  and  almost  resting 
upon  it.  The  flame  should  be  about  1^  inches  high  above  the 
hnraer.     Blowing  somewhat  gently,  so  as  not  to  fbroe  in  too 


Pig.  8. 

much  air,  the  flame  will  be  carried  out  sideways,  preserviiui  in 
part  its  luminous  character.  It  may  be  broadly  ngariai,  in 
&at,  as  a  luminous  inner  ocoie  (a,  fig.  S)  surrounded  by  a  thin 
envelope  of  more  highly  heated  and  oxidised  matter.     A  body 
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placod  well  wiUim  a  is  <nit  off  from  contact  with  the  onter  air^ 
and  yet,  if  brought  near  the  point,  becomefl  highly  heated  The- 
reanlt  is  iti  nduetion,  the  glowing  carbon  by  which  it  is  sur- 
roanded  largely  aasiBting  in  the  removal  of  any  oxygen  H  may 
contain,  althoagh  the  heat  mnst  be  snfficient  to  prerent  the- 
deposition  of  soot  apon  it  The  flame  thos  produced  is  th» 
Bedodng  Flame,  designated  by  long  tradition  by  the  lettws  R.  F. 

Next  place  the  nozzle  some  little  distance  inside  the  lamp- 
flame  and  blow  more  atrongly.  The  luminous  cone  is  shortened 
and  almost  disappears,  enough  air  being  supplied  to  effect  the 
oxidation  of  the  glowing  carbon  compounds.  The  outer  envelope 
now  asBumes  importance,  forming  a  long  almost  invisible  oone 
(b.  fig.  8),  which  is  the  Oxidising  Flame,  or  0.  F.  A  body  placed 
at  the  point  of  this,  or,  if  the  he&t  is  anfficieDtly  strong,  out 
beyond  its  visible  termination,  becomes  heated  in  contact  with 
the  air,  and  consequently  takes  up  oxygen  according  to  its 
affinities.  The  flame  must  be  hot  enough  to  diesooiate  most 
salphides,  which  become  thus  converted  into  oxides,  Such  a 
process  is  known  as  "  roasting."  * 

If  mere  beat  is  required,  as  in  the  detennination  of  fusibility, 
the  nozzle  is  placed  ob  in  the  production  of  the  oxidising  flame, 
but  the  substance  is  held  inside  the  blue  point  of  the  visible 
flame^  since  here  the  highest  temperature  oocura  This  position, 
may  be  styled  the  Fnsioii-plaoe  (below  the  &  in  fig.  8). 


B.  Obbbrvatiom  ot  Fdhibilitt. 

The  ease  with  which  a  Bubstanee  fuses  musC  depend  greatly 
on  the  strength  of  flame  employed  and  on  the  skill  of  the 
operator,  as  well  as  on  the  size  of  the  fragment  employed.  Hence 
it  is  necessary  for  each  worker  to  be  in  the  nabit  of  using 
aplinten  of  similar  size  and  shape,  comparison  being  then  possible 
between  the  results  gained  by  himBelf  from  difierent  substances. 
The  product,  after  headng,  must  always  be  examined  with  the 
lens,  and  any  change  of  colour,  transparency,  Ac.,  also  noted. 
For  moat  purposes,  the  following  broad  observations  and  state- 
ments suffice: — (a.)  Fusible  in  the  unaided  flame  of  the  lamp  in 
lairly  laige  (or  Bmall)  fragments  ;  ((.)  fusible  before  the  blowpipe 
(b  B)  with  easy  formation  of  a  globule ;  (c)  fusible  b  B  with  easy 
rounding  of  ^e  edges ;  (d.)  fusible  (  B  in  splinters  only  ;   («.)- 

*  To  toA  tba  B,  F.  a  borax  b«ad  strongly  aflonnd  with  mugansM- 
■hould  ba  rendand  oolonrlesB;  in  a  good  O.  F.  a  bwaz  baad  oanteiaing, 
moah  mo^bdcmiim  (hoiild  bIbo  beooiM  oobnrlm  (lee  p.  Bl)- 
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fusible  ft  B  OQ  the  edges  of  thin  'splinters  only ;  {/.)  infiuible 
■b  B,  even  alter  prolooged  heating.  The  epeciiaeaa  are  held  in 
the  flune  in  the  platinam  forceps  or  in  a  tiny  loop  of  platinum 
wir^  through  which  a  wedge-shaped  splinter  may  be  slung. 
The  fusion-place  is  used.  To  &cilitate  comparison  with  t^Tpil^ 
minerals,  von  Kobell  proposed  the  well-known  BoalA  of  Tvsi- 
Utility.     The  six  degrees  are  formed  by : — 

1.  Antimonite  (the  most  easily  fusible  member  of  the  soale). 

2.  Natrolite. 

3.  Almandine  (common)  Garnet 

4.  Aotisolite. 
6,  Orthoolaae. 
6.  Brondtfl. 

A  good  blowpipe-flame  ihoold  fiue  the  tipa  of  thin  splinters 
•of  bronzite  into  ti&j  globules.  Degrees  1,  2,  and  3  correspond 
respectively  to  the  verbal  descriptions  a,  b,  and  o,  given  above ; 
4  and  6  tod  j  and  6  to  s. 

Dr.  Joly,  working  with  his  beautiftd  "meldometer,"  has  oriti- 
oised  this  scale  when  applied  to  potod«red  minerals  j  and  it  no 
donbt  stands  in  the  same  position  as  the  scale  of  hardness,  with 
its  highly  irregular  intervals  {Pne.  R,  Iriah  Acad.,  ser.  3, 
voL  ii.,  p.  39). 

It  must  be  remembered  that  the  snhstanoes  styled  by  the 
mineralogist  infusible  are  mostly  ftisible  with  ease  in  tJte  flame 
-of  the  oxyhydrogen  blowpipe. 

H.  R  de  Sanssure  *  made  a  number  of  determinations,  nearly 
a  century  ago,  of  the  fusibility  of  minerals  in  minute  grains. 
As  a  support  he  used  a  little  splinter  of  the  infusible  mineral 
kyauit^  which  was  fixed  in  a  gl»s  tube  by  fudoQ  of  the  latter. 
He  moistened  the  fibrous  end  of  this  splinter  with  saliva  or 
slightly  gummy  water,  and  picked  up  several  granules  to  be 
tested  at  a  time,  since  some  would  be  apt  to  fly  off  at  first  con- 
tact with  the  fiiune.  He  examined  the  product  of  fusion  with 
the  microscope,  and  claims  to  have  fused  a  fragment  of  rook- 
orystol  '005  of  a  line  in  diameter  and  06  of  a  line  long  by  the 
use  of  a  stout  candle  and  a  blowpipe  supplied  with  ordinary  ur. 
He  compared  the  diameters  of  '^e  globales  that  he  could  pro- 
-duce  by  the  fusion  of  various  minerals  and  of  the  members  of 
Wedgwood's  pyrometrio  scale,  being  driven  to  Uiese  minute 
experiments  by  the  deamess  of  combustibles  in  his  city.  Find- 
ing that  some  bodies,  such  as  caldte,  gypsum,  and  fluor-spar, 
acted  OQ  and  destroyed  the  kyanite,  he  supported  these  on  a 

*  "  NonvellM  reoherohei  ma  I'ttaige  du  dhalnmean  duu  la  Miolnlosiah" 
.Jotira.  dc  Pk^rique,  t.  zIt.  <17M),  p.  3. 
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splinter  broken  from  the  speoimeii  under  examination.  He 
proposed,  however,  to  study  the  interaotiou  of  one  mineral  on 
«ootber  by  using  a  support  of  the  one  and  a  grannie  of  the  other. 
Oordier  subsequently  utilised  this  method  by  fusing  two  grains 
of  different  kinds  placed  in  oontaot  on  the  kyanite  support. 

Though  the  elaborate  detail  with  which  the  oomparisons  of 
De  Saassare  were  carried  oat  proved  an  obstacle  to  the  develop- 
ment of  his  method,  Oordier  speaks  very  highly  of  it  as  a  means 
-of  studying  small  isolated  grains.  We  refer  to  it  here  as  an 
example  of  the  practice  of  the  earlier  observers,  and  as  an 
anoonragement  to  those  who  may  regard  the  possession  of 
platinum  wire  and  a  BunseQ-bamer  as  a  necessity  rather  than 
4M  a  luxury  in  determinativQ  work. 


0.  Obbkbtatioh  or  Kjlmb-Colodbatioii. 

Many  volatile  anbotanoes  impart  characteristic  oolours  to  the 
£ame.  The  obBervation  should  be  coupled  with  that  of  fusi- 
bility, bat  a  negative  result  is  not  oonclnsive.  Should  no  colour 
be  thus  seen,  Uie  splinter,  or  its  powder  on  a  moistened  wire, 
should  be  dipped  in  a  drop  of  hydrocblorio  aoid  apeoiaUy  placed 
out  for  this  purpose,  and  asain  be  introduced  into  the  flame. 
The  volatile  and  deMmpoasltle  character  of  the  chlorides  thus 
formed  ofbea  reveals  the  presenoe  <tf  a  metal  {«.g.,  barium)  that 
m^t  otherwise  remain  undetected  throughout  the  analysis. 

Compounds  of  phosphorus  and  boron  are  best  treated  with 
sulphuric  add. 

Silver  chloride,  mixed  with  the  powder  of  the  specimen,  is 
useful  to  intensify  some  reactions,  notably  those  of  copper  oom- 
fionnds,  the  blue  flame  due  to  c<^per  ohloride  becoming  at  onoe 


apparent 
tSypeun 


Qypeum  may  similarly  be  used  with  oertam  silicates,  which 
tieoome  decomposed  when  heated  with  it,  the  metals  present 
being  rendered  volatile  in  the  form  of  sulphates. 

Often  the  assay  must  be  held  jast  in  the  edge  of  the  flame, 
«iLd  not  brought  too  far  within  it.  The  colouration  is  sometimes 
transient,  sometimes  intensifled  upon  long  heating  or  fusion. 
Probably  the  correct  appreciation  of  flame-reactions  is  the  most 
difficult,  though  frequently  the  most  useful,  division  of  blowpipe- 
work.  When  a  Bnnsen-bumer  is  used,  the  oolours  are  better 
aeen,  the  assay  being  held  on  platinum  wire  or  in  the  forceps 
near  the  base  of  the  flame  and  at  its  margin.     Often  a  little  of 
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the  powder  icattered  through  the  fiame  gives  an  Qnnuatakftble 
reaction. 

FrteatttioTit. — A  hlftok  buskgronnd,  each  as  a  oharooal  block 
or  a  book-cover,  should  be  used,  leat  faint-green  and  blue  coloura- 
tdons  should  be  overlooked. 

The  foroepii  or  wire  must  give  no  ooloor  when  held  alone  in 
the  flame.  They  can  be  cleaned  by  dipping  in  hydroohloric  acid 
and  heating  ontil  they  have  no  effect  on  the  flame. 

The  acids  nsed  must  give  no  colour,  beyond,  perhaps,  tha 
transient  yellow  of  aodinin,  which  is  scarcely  to  be  avoided. 
The  wire  moat  never  be  dipped  into  the  acid-bottle,  but  dropft 
most  be  set  out  for  use. 

When  a  fitmsen-bumer  is  uaed,  the  table  must  not  be  jarred 
OOT  the  brass  tube  touched  or  disturbed,  since  the  large  surface 
of  the  flame  at  once  beoomes  coloured  by  foreign  bodies  thus 
prqjeoted  into  it 

The  flame-colonrations  to  be  looked  for  are  as  follows — those 
given  by  rare  substances  being  omitted  as  foreign  to  the  practical 
purpose  of  this  book.  The  metal  indioated  by  the  reaction  ia 
giveiL  in  Ualiei  after  each  ; — 

CrimBOn,  approaching  Porple.  LUMwn. — ^Appears  when  the 
assay  is  on  the  very  mai^^  of  the  flame. 

Crimson,  of  Tellower  Tinge.    Strontium. 

Bed  to  Tellow-Red.  Caleittm. — Often  similar  to  that  of  sbron 
timn,  otJier  tests  distinguishing  the  compounds  of  these  metals. 

Tellow.  Sodium. — So  prevalent  that  a  strong  persistent  flame 
can  alone  be  regarded  as  satis&ctory  evidence  of  its  preseace  as- 
an  essential  constituent  of  tha  assay. 

Tellow-QrsBn.     Sarivm  or  XolybdtiKun. 

Bri^t  Emerald  Green.  Copper. — A.  bine  inner  flame  appears- 
when  hydrochloric  add  has  been  used. 

Bright  Green.  Boron. — Appears  when  the  assay  is  on  the 
very  margin  of  the  flame.  Sulphnric  acid  moat  be  used.  Borax 
is  a  good  examplcL 

Doll  Green,  inconspionons.  Photphorut. — Bnlphurio  acid  should 
be  nsed,  and  the  flune  carefully  observed  on  the  entrance  of  th» 
assay. 

Bhdsh'Gmn.    Antknonj/  (often  smoky).     TiMurinm  (rara). 
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Blae.  Lead,  Solium  (rare),  or  Cojftr  Chloride. — Th«  Imat 
gives  the  green  of  the  oKde  beyond  and  round  it.  (Sm 
"Ohlorine,"p.  61.) 

Ught  Blae,  smoky.     Arienie. 

YioleL  /'ofoMttiffl.— Tbi>  fluae  is  vaiy  euily  masked  by 
■odium,  uid  entiiilB  in  most  OMes  the  use  of  the  blue  gkss. 
Where  potuaium  is  Bospeoted,  a.  blue  glass,  or  a  combination  of 
glasses,  is  Mlected,  thkt  will  out  off  the  purple  tints  given  by  a 
strong  sodinm  flame,  sneh  as  can  be  made  for  trial  with  sodinm 
carbonate.  The  glassea  commonly  supplied  are  far  too  thin; 
5  mm.  is  a  good  tMokness.  The  gloss  u  then  held  between  the 
eye  and  the  flame  that  is  to  be  tested,  and  tiie  reddiah-violeb 
tinge  dae  to  potassinm  maj  be  observed  through  it,  particularly 
when  the  assay  has  become  thoroughly  heated.  If  lithium  is 
also  present,  the  colouration  dne  to  it  may  be  tnuumitted,  bnt 
oan  be  cut  off  by  a  comparatively  small  thickness  of  bine  glass. 
In  ordinary  work  no  oonfnsion  is  likely  to  result,  potassium 
being  far  more  nvminent  in  the  minerals  commonly  met  with 
by  geologists.  For  the  intensification  of  potassium  flamee  by 
gypsnm  or  sodivm  carbonate,  see  pp.  83,  66. 

Finally,  some  minerals  may  give  doable  flames,  as  pyromor- 
|ihite,  whioh  shows  a  blue  flame  snrrounded  by  a  green  envelope ; 
or  borax,  which  reveals  sodium  when  heated  alone,  and  the  greoi 
of  boron  with  sulphuric  acid. 

D.    RbaOTIOHB   IX  BxADB  OF   BOBAZ. 

Shake  out  a  little  borax  into  a  watch-glass.  Bend  one  end  of 
a  clean  platinum  wire  into  a  amaU  loop  not  larger  than  this,  O, 
heat  it,  and  dip  it  in  the  borax,  some  of  whioh  will  fuse  and 
adhere  to  it.  On  further  heating,  the  borax  will  swell  up,  fuse, 
and  settle  down  on  the  loop  as  a  clear  globule.  Let  this  cool 
and  bold  it  ap  to  the  light ;  if  any  oolonration  is  visible  in  the 
bead  llias  made,  the  wire  must  have  been  insufficiently  cleaned. 
A  light  blow  between  the  hammer  and  anvil  will  break  out  the 
beaa;  a  new  one  must  be  formed  and  shaken  off  when  hot^ 
probably  oarmng  with  it  any  residual  imparities.  The  third 
bead  now  made  will  be  perfectly  oolourJess. 

After  inspecting  the  bead,  fuse  it  again  and  take  np  a  small 
quantity  of  the  powdered  away,  by  toaching  it  with  the  hot  bead. 
Beat  in  the  oxidising  flame  in  full  contact  with  the  air  for  about 
the  time  occupied  in  counting  fifty  distinctly ;  then  remove  it 
and  bold  it  up  to  the  light.  Note,  after  the  first  red  glow  hu 
gone  o^  any  colour  while  hot,  and  whether  any  change  take* 
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p]ac«  on  oooling.  Write  the  reaolt  on  p<iper  for  reference  an  the 
reactions  aocniDalate. 

Now  piftoe  the  same  bead  in  4Jie  rednoing  flame  and  heat  fbr 
at  least  as  long  a  time.  The  practice  of  silently  coanting  daring 
such  operations  ia  a  usefal  one,  as  ensuring  a  &ir  simitari^  of 
conditions  in  examining  diSerent  Babstanceo,  and  as  a  oheok  to 
careless  hurry.  The  resolte  when  hot,  cooling,  and  cold  should 
again  be  noted. 

If  any  doubt  remains,  the  bead  can  be  again  oxidised  and 
re-examined.  If  the  reaction  is  feeble,  m<N%  powder  mnst  be 
added ;  if  the  bead  is  dark  and  opaque,  it  oaa  be  flattened  out 
when  still  hot  between  the  agate  p«stle  and  the  edge  of  ths 
mortar,  when  it  frequently  becomes  transparent.  If  dearly  too 
much  materia]  has  been  picked  np,  part  of  the  bead  mnst  btt 
shaken  off  when  hot- and  pure  borax  Bobstitnted. 

As  already  hinted,  compounds  of  arsenic,  antimony,  lead,  dkc, 
will  destroy  the  wire,  and  in  some  oases  the  bead  must  be  treated 
in  a  little  hollow  of  a  charcoal  support ;  it  must  then  be  pinched 
up  while  hot,  and  its  colour  tbua  examined.  The  addition  of  tin 
aids  some  difficult  reactions  in  It.F.  The  bead  is  fused  on 
charcoal,  and  the  comer  of  a  strip  of  tin-foil  ia  dipped  into  it,  a 
little  being  thus  melted  oS.  The  tin  combines  witn  the  oxygen 
of  other  metals  present,  and  the  reduction  is  carried  &rther  t^n 
by  the  flame  alone. 

Two  or  even  more  metals  capable  of  colouring  the  borax  glass 
may  exist  in  the  same  assay.  Hence  the  worker  must  be  pre- 
parad  for  mixed  coloun,  such  as  a  green  in  the  case  of  cobalt 
and  iron,  Ac.  Such  colours  are  particularly  noticeable  in  the 
hot  bead,  as  also  are  those  due  to  constituents  present  in  small 
quantity. 

iVsMfUfioru. — ^The  wire  must  be  deoa  and  give  no  colour  to 
the  pure  borax. 

The  bead  must  be  small,  so  as  te  be  completely  enveloped 
during  reduction. 

The  powdered  assay  must  be  added  in  small  quantity,  and 
increased  until  it  is  dear  that  no  good  reaction  is  obtainabla 

Snlphidee  and  arsenides  should  be  roasted  on  charcoal  befors 
use  in  borax. 

The  reactions  that  are  commonly  met  with  and  can  be  folly 
relied  on  are  here  given.  Many  subatances  give  beads  that  are 
yellow  when  hot  and  colourless  when  oold,  or  make  opaque 
porcellanouB  beads  when  added  in  large  quantity;  bat  their 
conatitnentB   can   usually   be   recognised  \^  oUier  and  better 
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BEADS  OF  BORAX. 


CoLovx  n  aP. 

CoLODS  nr  R.F. 

IlTDIOATIOH. 

Brawn  (TioM  when 
hflt). 

Greyish  im  long  ro- 
with  tin. 

mehd. 

YHDOW    (Bed     who. 

Bota«-g«en. 

Iron  or  [TramuDk 

TeUow-green. 

Green. 

Ohr^mUm^. 

Bine  (Grera  hot,  Mid, 
if  •  bm  qiUBititT 

Brlek-red    »nd 

opMQe.    Wall  Men 
in    yellow   light  of 
huop.  FWalitotodby 
tin,  or  when  »  large 
qoMtily  la  preeent. 

OoppK-. 

Bloe. 

Blue. 

Obteb. 

Bed-Tlolet 

Golonriess  (difflonlt 
withlugeqnutitjr). 

JftMlTMUl. 

good  oxidkdacS. 

Brown,    often    with 
bUokfleoke. 

Tdlow-brawn  with 
lugeqnMtit;. 

Tu,^^ 

bot). 

YeUow  to  Brown. 

KtMAM. 

qiantity). 

c^».^-™, 

aUvtr. 

E.  RzAonosB  nt  Beads  or  MioKooosiaa  Salt. 

It  ia  slwftjB  advlBable  to  confirm  the  results  obtained  in  borax 
by  the  use  of  miaroooBmio  salt,  &nd  in  many  oases,  as  where 
onuiinm,  iron,  tit&niam,  or  tungsten  oooor,  these  reaotions 
Are  abBolntely  necessary.  While  a  larger  quantity  of  the 
mineral  powder  is  often  required  before  &  good  result  is  obtained, 
the  reaotdons  are  as  a  whole  oleaner  and  clearer  than  those  ia 
borax.  The  opaque  red  of  copper  in  R.  F.  is,  moreover,  easily 
[irodnoed  in  mioroooemio  salt. 

The  salt  must  be  picked  np  on  the  heated  wire  in  small  quantities 
at  a  time,  and  fdsed  so  as  to  expel  the  water  and  ammonia  after 
each  addition.  The  resulting  bead  drops  easily  &om  the  wire, 
bat  any  tendency  to  fiJl  during  an  operation  may  be  generally 
checked  by  ■*■'**=■  "g  the  wire  to  the  npper  portion  of  the  flame. 
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Preeauiions.^-Tbe  bewl  must  be  snudl  and  be  mored  witb  car*, 
leet  it  should  become  detiicbed. 

Larger  quantitiea  of  the  as8a7  mAj  possibly  be  required  than 
in  the  experimente  with  borax. 

The  other  precautions  are  the  same  aa  those  given  under  borax. 

BEADS  OF  HICROCOSMIC  SALT. 


COLOCK  IK  O.F. 

COLOVB  IN  B.F. 

Indication. 

Yellow. 

Yellow     (<x>loDrleM 
after  long  redaction 
withTinJ. 

NuM. 

Plllklsh-red(r<>qmre. 

■ome  qmuiHty). 

Pinkish -ped  (re- 

Irtm. 

FlnUsta-red  (Tflquins 
•ome  qnwtity). 

Darker  or  Orlm- 
son-red. 

IWitea  and  /ron,  or 
T&aitimM  imi  Jron. 

TeUow-sfreen. 

Qreen. 

Unmam. 

Tellow-^rwD    (Bed 

when  hot). 

Oreen    (B«d    when 
hot). 

Blae. 

Bed  and  opaque. 

Copper. 

Blue;    tometimes 
Violet  • 

%va-°""- 

Obbaft. 

fied-Tlolet 

Colourless  (ea«i«r 

thui  in  Borax). 

Jf«(«««e. 

Qreen ;  rarelyColouP- 

less. 

Green. 

Colou-less. 

Blae. 

Tuagatm    (s«B    above 
for    Toossten    and 

Cfdowless. 

Tlolet 

TiUmitm   (>ea  above 
for    Titaeinin    and 
Iron). 

miky-whlteandtur. 

Coloarless    (after 
tome  time). 

SUvtr. 

F.    EXAMIKATIOH   FOB  SlLlCA   IH   BbAD   OF    MlCBOCOBHIO  SaLT. 

If  a  minute  splinter  of  a  silicate  is  pliiced  in  the  bead  and  heated 
thus  for  a  loi^  period,  the  silica  will  still  remain  undissolved,  and 
will  be  Been  floating  about  as  a  skeleton  retaining  the  form  of  the 
original  fragment.  Some  substances,  as  corundum,  rutiie,  to.,  are 
■o  slowly  soluble  that  this  test  must  be  performed  with  judgment, 
*  Some  samplea  of  mionMoaBiie  talt  give  Tiolot  beads, 
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and  upon  pBrticlea  not  bigger  than  the  comnuts  used  npon  this 
pass.     At  least  200  ahonld  be  coonted  during  the  opentioo. 

In  borax,  on  the  other  haod,  silica  eTentnally  diasolTes,  ia 
common  with  the  bases  combined  with  it  A  small  portion  of 
the  silica  is  said  to  be  dissolved  out  even  in  the  bead  of  micro- 
«08mio  salt,  but  this  does  not  vidate  the  observation  unless  a 
liue  powder  has  been  used  in  plaoe  of  a  properly  selected  splinter. 

0.   fiRACmONS   IN   THE   QlaSB  TuBEB. 

A  oloeed  tube,  prepared  as  described  on  p.  41,  and  dried  in  the 
£ame,  is  held  in  the  forceps  or  any  convenient  clip,  and  two  or 
three  &sgments  of  the  mineral  are  dropped  into  it.  No  powder 
should  be  allowed  to  fall  upon  the  sides  of  the  tube,  lest  subli- 
mates should  be  obscured.  The  base  of  the  tube  is  heated,  gently 
at  first,  in  the  spirit-lamp  or  Bnnsen-flame,  the  blowpipe  being 
used  if  greater  heat  seems  desirable.  Any  obaoge  that  takes 
plaoe  should  at  once  be  noted ;  decrepitation,  fusion,  change  of 
colour,  dro.,  may  occur ;  but  the  most  important  reactions  are  the 
-evolution  of  gas  and  the  formation  of  a  sublimate  in  tlie  cooler 
part  of  the  tube.  The  assay  may  in  some  few  cases  become 
thus  entirely  volatilised ;  but  a  reudue  commonly  occurs,  whioh 
ahonld  be  examined ;  occasionally  this  proves  to  be  magnetic. 

A  tnbe  should  then  be  taken  that  is  open  at  both  ends,  and  about 
12  cm.  long.  Afragmentof  the  mineral  issbaken  in  soas  to  lie  about 
2am.&om  oneend,and  the  flame  is  allowed  toplayabout  this  point. 
By  inelining  the  tube,  air-currents  pass  up  it  of  strength  varying 
with  the  slope,  and  the  volatile  matter,  if  any,  becomes  highly 
•oxidised.    Oases  and  sublimates  shonld  again  be  closely  observed. 

It  is  clear  that  sulphides  will  be  most  likely  to  yield  solphnr 
in  theolosed  tube,  the  prodnot  in  the  open  tube  being  sulphurous 
Anhydride  (80,),  an  invisible  ^as  characterised  by  its  smell. 
Argenio  may  appear  as  a  metallic  subliniate  in  the  dosed  tube, 
1>nt  as  a  white  oxide  in  the  open  tube.  Hence  the  one  test 
frequently  confirms  the  other.  Moistened  litmus  paper  may  be 
used  in  the  mouth  of  the  tubes  to  test  any  vapours  given  o^ 
the  blue  colour  turning  red  with  acids. 

Open  tubes  may  of^n  be  cleaned  out  with  a  pipe-cleaner  or 
by  simple  heating  ;  dosed  tubes  are  seldom  worth  cleaning. 

Preeautioru. — The  upper  part  of  a  tube,  though  dried,  must 
not  be  too  hot  to  receive  a  sublimate. 

Sublimates  must  be  spread  over  a  fiur  area,  but  will  sometimes 
overlap  on  one  another.  Thus  an  uvenic  mirror  and  the  orange 
sul^de  often  produce  at  their  junction  an  effect  suggestive  <tf 
— . sulphide. 
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OUWKD  TDBK. 

Opbn  Tdbb. 

1111HOA.T10N. 

Cfflonrless  drops. 



Waltr  (the  tab*  mut 
be  weU  dried  fint). 

B^Mgum. 

n(e  Bparklins  cttb- 
Ula     where     thin. 
QacUo  odour. 

Artmte. 

MetalUo  Globules; 

tonched  with  >  rod. 

Aa  in  cloaad  tnbe. 

Mervurg. 

Blaok;    i«d    itiwk 
wb<m  end  of  tube  ia 

ontaffandnibliinaM 
i.«™pedout. 

At    in    olo<wd    tabe; 
Knn«80^ 

MtremieBidpUdt. 

Dark-red  to  Black. 

A>   in    oloud     tnbe. 
Odour  of  "decaying 
horsB  r»di«li." 

Sa(mnm(n>i«). 

Dark-red  t«  Blaek 

(BUck  whan  hot). 

Dense  White  (witi- 
mODy  oiidea);  some 
yeUow  nilphnr  mnd 

Oraaare  (Dark  red 
wheoliot).    Seepre- 

Aa  in  closed  tnbe,  but 
bre&ktnff    up     into 
white      ory«t«aiino 
oilde. 

TellOW    (Bometiinea 
aIinortwhlte;onnga- 
rMlmdrwh^lior). 

Al  in  closed  tnbe,  but 
soon  converted  into 
30,. 

S^. 

Dense  White,  often 

in  part   crrBlalUne 
(oiiSw). 

Aniim«V. 

Dense    White,  de- 
posited     on     lower 
aide  of  tube.    (Lend 

L*ad  SuJpkidt. 

White    to  YeUow, 

brown    when    hot. 
(Bi8mnthou«  0<ido). 

^trnalL. 

White,     thin     and 

Meitbdatym. 
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Certun  special  reactiom  in  the  tabM  will  be  dealt  with  wader 
the  hend  of  the  BubBtanoea  of  which  thej  are  oharaoteristio. 


H.  'BMkonasa  oh  Ohabgoal 

(i.)   KXOItneTATIOIIB. 

A  nmAlI  hole  ia  out  with  a  knife-poiat  in  the  oharcoal,  and  a 
littie  powder  of  the  asaaj  is  laid  widiia  it.  Should  it  decrepitate 
or  fly  about,  it  sbonld  be  moiatened  widi  a  drop  of  water.  It  is 
then  heated  in  0.  F.,  the  remainder  of  the  flMie  being  directed 
along  the  charcoal  or  the  blackened  sarfaoe  of  the  support  (see 
p.  3^. 

The  Bubfltanos  may  at  onoe  deflagrate,  indicatuig  the  preaenoe 
ot  a  nitrate ;  or  it  may  Aise  more  or  leea  readily ;  it  may  ooloor 
the  flame  aa  in  previous  operations;  or  it  may  glow  strongly, 
indicatiiig  lime,  magnesia,  strontia,  zinc,  or  ziroonia. 

After  heating  for  some  time,  a  sublimate  or  "  enerostation ' 
will  freqaently  form  on  the  oooLer  part  of  the  charcoal,  or  dose 
under  t£e  fiii^  of  the  flame,  according  to  the  volatility  of  the 
product.  Sudi  encmatations  are  mostly  due  to  oxides,  and 
themoelTeB  disappear  or  shift  on  being  heated  in  the  flame,  some- 
times imparting  a  cx>loar  to  it.  In  some  cases  they  are  developed 
while  the  assay  itself  is  being  treated  in  B.  F.  A  thin  white 
encrustation  often  appears  blue  when  spread  out  over  the  black 
support  and  thin  yellow  ones  appear  white  upon  the  outer 
border. 

If  llie  encrustation  is  white,  it  should  be  allowed  to  oool  and 
tiien  be  moistened  with  nitrate  of  cobalt  solution  dropped  on  it 
from  a  rod  or  pipette.  Beheat  strongly,  counting  about  SOO, 
and  set  aside  to  oooL  In  several  oases  characteristic  colours 
result  from  the  action  of  the  cobalt.  No  transient  colour  need 
be  r^arded,  as  the  strong  beating  mentioned  is  essential.  ThI 
nitrate  of  cobalt  solution  dries  firat  to  a  pink,  then  breaks  up 
and  tarns  black ;  but  these  colours  speedily  pass  off  and  wiU 
cause  no  oonfnaion.  The  oharooal  into  which  any  of  the  Boluti<m 
has  sunk  must  be  cut  ont^  lest  future  encrustations  should  be- 
come coloured.  It  is  also  necessary  to  observe  whether  the  ash 
of  the  oharooal  alone  gives  any  reaction  with  the  nitrate. 

As  a  refinement  on  ordinary  methods,  Dr.  Haanel  *  employed 

planter  of  Paris  plates  in  place  of  charcoal,  and  hydriodio  aoia  as 

a  reagent,  the  encrustations  observed  being  then  due  to  iodides. 

'  TroM.  M.  Soe.  OMMtto,  t«L  1.  (1883),  teat.  3,  p.  65. 
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The  plaster  is  nutde  into  a  thin  paate  with  water,  and  ie  ipread 
oat  with  a  knife  on  b  Urge  glaaa  plate  to  an  even  thickuesd  of 
1  inoh.  Orooves  are  cut  across  the  pluter,  so  that  it  can  easily 
be  broken,  when  set,  into  plates  measuring  4  x  tj  inches.  The 
smooth  Burfaoe  produced  next  th«  glass  ia  used  for  the  encrusta- 
tion, and  a  small  hole  ia  cut  in  it  near  one  end  for  the  assay, 
which  is  mixed  with  hydriodic  add.  Messrs.  Wheeler  and 
Laedeking*  use  a  mixture  of  40  per  oent.  iodine  and  60  per 
oent.  sulphnr  added  in  exc««a  to  the  assay,  which  is  much 
simpler,  and  which  gives  equally  striking  and  brilliant  en- 
crustations of  metallio  iodides  on  plaster  of  Paris. 

Dr.  Ooldschmidtt  uses  mica  or  glass  plates,  resting  on  the 
charcoal,  to  receive  encrnstationa.  To  prevent  cracking,  the 
latter  are  heated  before  use.  The  suolimate  can  thus  be 
removed,  and  tested  ooDveoieetly  in  the  wet  way. 

A  beautiful  example  of  the  oxidation  of  a  metal  before  the 
blowpipe  ooonra  in  tbe  oupellation  of  lead  containing  silver. 
The  metallio  bead  is  obtained  from  the  ore  by  fusion  with 
sodium  ciirbonate  on  oharooal,  and  is  removed  and  cleaned.  A 
cupel  of  bone-ash  ia  then  made,  about  3  cm.  in  diameter,  being 
shaped  in  a  hollow  out  in  oharooal,  or  struck  in  a  mould,  such 
as  those  proTided  in  Letcher's  blowpipe-cabinets.  The  cnpel 
should  be  gently  dried,  and  supported  in  a  hollow  of  the  char- 
coal. The  metallic  bead  ia  placed  on  it  in  a  little  hollow  near 
one  side,  and  is  treated  in  O.F.  The  lead  oxidises,  forming 
exquisite  iridescent  films  on  the  bead  itself  and  red  stains, 
whinh  rapidly  grow  richer,  on  the  bone-ash  beyond.  The  cupel 
finally  absorbs  all  the  lead  as  oxide,  and  similarly  any  copper 
present;  and  silver,  if  present,  remaina  behind  as  a  gloaming 
and  noD-iridesoent  bead.  This  process  requires  some  experience 
and  repetdtioD ;  the  detailed  account  in  Flattner's  work  (English 
edition  of  1875,  p.  369)  shows  to  what  perfection  it  may  be 

•  TntM.  St.  Lwi*  Acad.  Sd.,  vol  iv.  [1888),  p.  676. 
t  Quoted  in  Keilhsck,  Praiti»at  OtologU,  p.  408. 
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FLAME. 

OZIDISINa 

COLOITB. 

With  Cobalt 
NraaiTi. 

Whltej    ydlow 

r                Mdybdauan 
(Tdhu  k  fine  blue  on  the  loMt 
[     touch  of  R.  P.) 

when  hob 

1           rm  (not  volatile). 

Blue-green. 

TeUow-green. 

Armmk 
(Tery  Tobtile  ud  f»r  from 
auay.     O«rlio  odoar.J 

DnUQreen. 

White. 

L»ad  OMoridt  (thin). 

In  these  two  Ijut  the  yellow 
due  to  lead  oiide  apuean 
within,  and  thw  bum  blue 
when  the  flam«  u  timwd  on 
to  them. 

Ttitow-brown. 

Oadmhm. 

Plnk-bpown, 
faable.     (PkU 
orimwm  on  mr- 
&<«  of  MttimonT 
oildB,   or^rt«S 

(p.  a . 

Silvtr. 

(A  fine  red    reeulti  if  equal 
parte  of  potudomlodideand 
ealphur  are  added  to  tbo 

TeUow.pMtingm- 
Whnhot.     ^ 

auay.) 

Lead  (bunu  blue). 
Both  the  lead  and    binnnth 
enenutationa  have  a  white 
fringe,  and  become  more  in- 
t4m£  in  oolonr  if  thia  U 
driven   baok    and   oonoen- 
tratod  npoa  tltem. 

Onwge -yellow, 

very  voUtile. 

Bed. 

CJoo<^lc 


Be  BXAHINATIOIT   WITH  THE  BLOWPIPE. 

(iL)  TBBATIIBNT  OF  BBBIDUAL  AB8AY  WITH  NITBATI  OF  OOBALT. 

If  the  rtsidut  qf  the  anay  after  oxidiomg  ia  white  or  greyiabr 
cobalt  nitrate  should  bo  dropped  upon  it,  and  it  shoald  be 
strongly  heated  in  O.  F.,  aa  io  the  case  of  encrustations.  This 
test  is  of  especial  servioe  where  no  conolnaive  reaction  has  been 
hitherto  obtained.  On  oonipletely  cooling,  the  colour  may  or 
may  not  have  changed.  The  assay  mast  be  examined  wiUi  »- 
lens  to  ascertain  whether  fusion  has  taken  place,  since  a  blae 
colour  after  fusion  has  no  determinativB  value.  Similar  reaotiona 
can  be  conveniently  obtained  by  powdering  the  minetkl,  mixing 
with  a  drop  of  the  solution,  and  taking  up  on  a  loop  of  platinum, 
wire  for  treatment  in  the  0.  F. 

The  colours  usefol  in  determination  are  :— ~ 


COLOOB. 

iHDIOATieil. 

Qreen. 
Pale  Blue. 

Al-m<ina   (Bine   >fter   fodon  U 
generaUy  due  to  SUien). 

(iiL)   BBDUOTIOIf  TO   METAL    I»   THB   BEDdCIITO  ri.AllB 

Many  ores  can  be  reduced  to  metal  in  B.  F.  on  charcoal,  their- 
Tolatile  constituents  going  off  as  gas  or  becoming  deposited  as 
oxides  on  the  charcoal  Other  more  refractory  substances  become 
reduced  by  being  powdered  with  about  three  times  their  bulk  oT 
sodium  carbonate;  the  mixture  is  then  treated  in  R.  F.  on  char- 
coal until  all  effervescence  in  the  sodium  carbonate  has  ceased, 
when  often  metallic  globales  will  have  separated  out  and  have 
become  distinotly  visible  in  the  flux.  In  many  cases,  however, 
the  sodsrslag  must  be  cut  out  with  a  little  of  the  charcoal  under 
it  and  poanded  out  in  water  in  an  agate  mortar ;  wash  lightly 
witli  water,  pressing  firmly  on  the  heavier  residue  with  the 
pestle ;  metallic  beads  will  often  be  found  streaked  out  on  the- 
peetle,  or  in  the  mortar  when  the  lighter  admixture  has  been 
washed  away. 

Tho  metallic  beads  obtained  most,  as  a  rule,  be  subjected  to- 
farther  t«sts.  They  should  be  treated  by  themselves  on  charcoal, 
to  observe  t^eir  purity  and  to  see  if  they  form  an  enonutatioD 
of  any   oharacteristio  oxide;    their    malleability   and   seotili^ 
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should  be  ez»mined ;  and  they  ahonld  be  mbbed  orer  ■  surface 
of  white  paper,  ander  pressnre  from  the  clean  bwe  of  the  agate 
mortar,  to  determine  whether  or  no  th»j  leave  a  streak  tuah  aa 
ia  giyen  by  lead.  Some  bodies  yield  mere  fused  globular  residues^ 
vhioh  are  brittle  and  oan  be  referred  to  none  of  the  andermen- 
tioned  metals.  Snoh  reaidnea  can  often  be  farther  decomposed;, 
but  alloys  may  be  formed  that  are  diffionlt  to  determine. 

The  bead  or  powdered  residue  from  treatment  in  R  F.  ahonld 
always  be  tested  with  the  magnet,  and  any  matter  that  is 
attracted  ahonld  be  examined  in  a  borax  b^d.  Iron,  oobalt). 
and  nickel  can  be  thus  extracted  and  distingaished. 

Prteautions. — Search  for  possible  small  beads  in  the  residue 
from  fiuRoti  with  sodiom  carbonate,  as  above  described. 

Rnb  beads  in  the  mortar  to  clean  off  any  oxide  that  may  have 
Conned  during  ooolinfg  concealing  their  tme  metallic  colour. 


Natdrc  or  Mraluo 
Bead. 

Its  RsAcnoRS. 

IKDKU.TION. 

Doea    not    Qurk    papor. 
Placed  on  the  margin  of 

gently  fneed,  will  yield, 
with  a  UtUe  ewe,  a  ^nk 

white  oxide. 

ffiZwr. 

White,   ma]lMbl^   diffl- 

OTlt   to  Obtain   withoat 

Does     not    mark    paper. 
Givea    white    enornatft- 
titm;    blae-grean    with 
oobalt  nitrate. 

Tin. 

Marki  paper.     Yellow  en- 

Ltad. 

White,    amoks   at    edge. 
whenpresBodi  brittla. 

Doea     not    mark     paper. 

BuhmO. 

aVIe  «^teB  ooat^  with 
blwsk  oxide). 

flame. 

Oopp^. 

■bonld  be  obtained  by  heatuig  Uieir  compoiuidi  wiUi  lodin: 
okaed  tabs.     Iron,  a^aU,  and  mchd  yield  blaok  niagnetic 


■boold  be  tested  In  borax  01 


i^tOoi^Ic 
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Oertain  reactiooB  in  which  the  use  of  Hodiam  carboiiAte  playa  an 
important  part  will  be  described  ander  the  head  of  the  subetances 
of  which  they  are  characteristic.  The  teBt  for  enlphnr  alone  need 
be  mentioned  here.  Beoauee  a  aabstance  ia  a  sulphate  or  even  a 
flulphide,  it  b^  no  meaoa  follows  that  evidenoe  of  sulphur  will  be 
given  either  in  the  closed  or  open  tube.  The  decisive  determina- 
tion is  made  as  follows  : — Fuse  thoroughly  some  of  the  powdered 
mineisl  with  about  three  times  its  bulk  of  sodium  carbonate  in 
B.  F.,  nntil  efierveeoenoe  ceases.  Cut  out  the  slaggj  residne 
aad  the  patch  of  charcoal  below  it,  and  crush  on  the  sariaoe  of 
a  clean  silver  coin  with  a  drop  of  water.  Allow  it  to  lie  for 
about  ten  seconds  and  wipe  it  off  lightlf.  If  sulphur  has  been 
present  in  any  form,  sodium  lolphide  will  have  resulted,  which 
-decomposei  ou  the  ooiu,  leaving  a  brown  or  blaok  stain  of  silver 
sulphide.  This  test  is  delicate  and  unfailing,  and  can  be  per- 
formed aa  a  natural  sequel  to  any  good  reduction  with  sodium 
carbonate,  a  portion  of  the  slaggy  mass  being  reserved  for  this 
purpose. 

Preoavlioat. — The  reduction  mnst  be  very  thorough. 

The  charcoal  below  mnst  be  cut  out,  owing  to  its  absorption 
of  the  sodium  sulphide  formed. 

The  sodium  carbonate  must  itself  be  tested  for  BulphuTj  oommtm 
gas  also  gives  a  slight  reaction ;  but  the  stains  thus  prodnoed 
are  ordinarily  quite  slight  compared  with  those  yielded  by 
minerals,  es^itJly  if  the  maas  is  not  allowed  to  rest  long  upon 
'the  nlver  coin. 


OHAFTER  VI. 


AsBRXTiATioirs  used: — Flame  =  Flame-colouration.  /W  ^^  Fusi- 
bility. £or.  =  Borax  bead.  Micr.  -  Microoosmio  salt  bead. 
CI.  tube  ->  Closed  tube.  0.  tubs  ^  Open  tube.  Ch.  =  On  char- 
coal. Soda  -  Sodium  carbonate.  H  CI  -  Hydrochloric  add. 
Add.  =  Additional  reactions.  The  most  useful  and  characteristic 
reactions  are  preceded  by  an  asterisk.  Details  must  be  looked 
for  on  pp.  46  to  60. 

Altitnfntnfn — *Ch. — Alumina  beoomes  blue  with  oobalt  nitrate; 
if  the  sur&ce  ia  fused,  the  reaction  is  indecisive.    Dissolve  the 
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■od»-r«iidae  in  dilute  HOI,  evaponite  to  dryness,  redisBDlve 
in  H  01  &nd  water,  filter  off  any  silica,  and  nentralise  with  am- 
monia; alumina  ia  precipitated,  together  with  any  iron  that 
may  be  preoent.  The  precipitate,  if  white  or  nearly  bo,  can  be 
tested  with  cobalt  nitrate,  the  rMulting  fine  blua  colour  dia- 
tingniabing  it  from  glncina,  which  is  limilarly  precipitated. 
Olacina,  however,  ia  <MF  rare  occurrenoew 

Aiitlinon;. — Flame — Blue-green  or  green-blue.  CI.  lube — Some 
white  oxides ;  dark  red  when  sulphur  is  present.  *  0.  Puhe — 
Z>  nse  white  oxides,  sometimes  crystaUiue.  *  CK — Ditto.  Dull 
green  with  cobalt  nitrate.     (See  note  on  p.  64.) 

Arsenic. — Flam» — Blue,  smoky  throngii  formation  of  oxide. 
*  CL  tube — Metallic  mirror,  particularly  with  soda.  Some  white 
WTStalline  oxide.  With  sulphur,  orange-yellow.  *  0.  tube — 
w  hite  orystalline  oxide,  garlic  odour.    CK  — Ditto,  Ear  from  aaaay. 

Barium. — '  Flame — Yellow-^ireen. 

BlsmntL — 0.  (u^—Oxide  sometimes  formed.  *  Ch. — Yellow 
encrustation,  bordered  with  white.  With  sulphur  and  potassium 
Iodide  yields  red  encmatatioa  of  biamuthoua  iodide.  Bead  some- 
what brittle,  not  marking  paper. 

SoroiL — *  Flame — Green.  TTse  sulphuric  add  or  even  fluor- 
apar  and  bisulphate  of  potash 

Cadmium. — •(?*.— Brown  oxide.     Use  soda. 

Caiiinm  — *  Flame — Red  to  yellow-red.  Glows  strongly.  Add. 
^Dissolve  assay  in  HOt,  and  dilute  greatly.  Add  sulphuric- 
seid ;  no  precipitate  oocura  (see  "  Strontium  "). 

Cartaoil  IHozide. — *  Carbonates  effervesce  in  HOt,  some  when 
oold,  all  when  heated.  A  little  water  must  be  added.  Sulphides 
that  behave  similarly  are  recognised  by  their  physical  characters 
and  by  the  smell  of  the  escaping  gas,  salphuretted  hydrogen. 
Small  quantities  of  carbonate  of  lime,  Jec,  present  only  as  im- 
purities in  the  assay,  often  give  considerable  effervescenoA 

ChlOTliiS. — *Mior, — Make  a  very  dark  bead  with  copper  and 
add  a  little  of  the  assay.  If  chlorine  is  present  in  fair  quantity, 
a  fine  bine  flame  surrounds  the  bead  when  it  is  again  introduced 
into  the  flame,  (See  p.  43.)  Bromine  j^ves  a  similar  reaction,, 
but  is  far  less  often  met  with. 

Chromium. — *  Bor.— Viae  green  in  both  flames.    3/icr. — Ditto. 

Clbalt. — •  Bor. — Blue  in  both  flames,  ifier,— Violet  to  blue 
beads.  These  beads  are  green  when  iron  ia  present,  especially 
when  hot.     Ch. — Residue  from  R.F.  magnetic 

Copper. — *  Flame — Bright  green.  Blue  near  assay  with  H  01. 
Bor. — O.F.,  green  to  blue;  R.F.,  opaque  red.  Mier, — Ditto. 
CA. — Metallic  bead  of  copper ;  use  soiia  in  most  cases. 

Google 
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Flaorme. — *  CI.  tube—  Heat  the  powdered  assay  strongl;  with 
a  drop  or  two  of  salphorio  said ;  hold  a  olean  glass  microscopio 
■lip,  or  the  base  of  a  watob-glass,  olose  down  on  the  end  of  the 
taM  BO  as  to  intercept  the  vaponrs.  In  two  or  three  minntes 
remove  and  wash.  When  dried,  &  dolled  circular  area  will  be 
seen,  dne  to  the  etching  performed  by  the  hydroflnorio  aoid 
Taponrs.  This  ooonrs  only  when  the  assay  is  deoompoied  by 
«ulphurio  aoid. 

If  sand  or  quartz  fragments  are  added  with  the  sulphuric  aiud, 
silicic  fluoride  is  formed.  Insert  a  glass  rod  moistened  witii 
water  down  the  tnb^;  the  water  deoomposes  the  vapour,  and 
white  silicic  hydrate  is  deposited  on  the  rod. 

Add, — In  some  cases  it  is  sufficient  to  fuse  microcosmic  salt 
■on  charcoal  until  ebullition  ceases,  mix  the  product  with  the 
powdered  assay,  and  fuse  on  a  gloss  sljp  over  a  lamp-flame.  On 
washing  off  the  mixture  and  drying,  the  surface  will  be  seen  to  be 
-etched,  a  dulled  ares  having  been  formed  under  the  fused  masa 
This  is  applicable  to  minerals  not  decomposed  by  sulphuric  acid. 

Iron.— •Bor— O.  F.,  yellow.  R.  F.,  bottle-greei..  •Jtftcr. — 
Reddish  in  both  beads ;  darker  when  titanium  or  tungsten  is 
present  (see  under  these).  CI  tube. — Residue  sometimes  mag- 
netic.    *Ch. — Residue  from  R.  F.  munetic. 

Lead.— *  JIams — Blue.  0.  <u6«— With  sulphur,  forms,  after 
some  heating,  dense  white  lead  sulphate  sublimate.  *Ch. — 
Yellow  to  orange  oxide,  fringed  with  whit&  White  chloride  or 
sulphate  when  ohlorins  or  sulphur  is  present.  Metallic  lead  in 
R.  F.     The  bead  oxidises  and  turns  orange  in  0.  P. 

Lithium. — *^<!amo~CrimBon.     A  rare  constituent. 

Uagnednm.— *  Ch. — Magnesia  becomes  dull  pink  with  cobalt 
nitrate.  Heat  strongly.  Few  compounds,  however,  show  this 
reaction,  aod  wet  tests  must  be  used. 

MauganeBe.—*  £or. — 0.  F.,  red  violet.  IL  F.,  oolourless. 
Mier. — Ditto.  Add, — *  Moisten  a  loop  of  platinum  wire,  and 
-dip  it  into  sodium  carbonate;  fuse  to  a  bead  and  odd  the 
powdered  assay ;  heat  in  O.  F. ;  manganese,  even  in  very 
small  quantity,  ^ves  an  opaque  green  bead. 

Uercoiy. — *  Ct  tube — Metallic  sublimate,  especially  with  soda. 
The  sulphide,  without  soda,  gives  a  black  sublimate  which  has 
«  red  streak. 

Molybdenum. — ^/^ihtm — Yellow-green.  *£or. — 0.  F.,  oolou[<- 
lesa.  R.  F.,  brown.  Mior.—Qnen  in  both  flames.  0.  tub* 
— Sometimee  thin  white  oxide.  *Ch. — White  oxide,  whic^ 
becomes  *blue  on  being  touched  with  R  F.  The  sodi^ 
residue,    treated   as    described    under    "  Titanium,"   gives   a 
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^reeniih  solution  which  paaseB  into  brown;  Bometimea  blue. 
•(See  "  Tongsten.") 

Niokel.— *JSor.— O.  F.,  Brown.  R.  F.,  greyiah.  *  itior.— 
-0,  F.,  yellow.  B.  P.,  slowly  oolonrl«B8  with  tin.  These  r©- 
aotions  mity  be  obBonimd  by  oobtdt.  See  aooount  of  ohloanthite 
on  p.  69.     Ch. — B«aidiie  from  R.  F.  m^netic. 

niosphonu. — *Flam» — Feebly  but  d^tinotly  green ;  uae  aul- 
phurio  aoid  CL  iuiia — Insert  4  mm.  or  ao  of  magnesium  tape 
Hid  frue.  In  some  oasea  the  mineral  must  be  first  Aued  with 
sod&  on  ohsrooal,  and  the  powdered  slag  used  in  the  tube.  The 
addition  of  water,  after  the  tube  has  oooled,  causes  the  evolution 
-of  phosphoretted  hydrogen,  known  by  its  smell,  which  ii  oom- 
parod  to  that  of  decaying  fish.  Ch. — With  cobalt  nitrate 
fusible  phosphates  beoome  blue.  Add, — *Nitric  scid  solution 
of  ammonium  molybdate,  added  to  a  solution  of  a  phosphate, 
-or  in  many  cases  to  its  powder,  produces  a  erystalline  yellow 
precipitate.  This  moat  be  proved  to  be  crystalline  with  a  tens 
-or  microscope. 

Potassiom. — *Flama — ^Violet.  Often  requires  blue  glass.  For 
intensification  of  this  reaction,  see  pp.  83,  66.  *  Add.—Vaao 
the  assay  with  soda  on  platinum,  if  not  otherwise  soluble, 
.and  dissolve  in  H  01.  Add  solution  of  platinio  chloride,  aud 
evaporate  almost  to  dryness ;  add  a  little  water,  or  preferably 
alcohol;  if  potassium  is  present,  a  crystalline  yellow  precipitate 
-of  potassium  platinio  chloride  will  be  seen  to  have  formed.  This 
procipitate  is  not  easily  dissolved  in  water,  and  is  insolnbte  in 
.aloohoL     Ammonium  compounds  give  a  similar  reaction. 

SQloon. — *  Miar.  —  Silica  is  insoluble,  a  skeleton  thus  re- 
Ltnaining  in  the  bead.  The  fragment  used  must  be  small  (sea 
p.  63).  *CK — The  soda-residne  should  be  dissolved  in  dilute 
HOI,  evaporated  to  dryness  at  a  temperature  only  a  little 
above  100  ,  and  again  treated  with  H  01  and  water.  Any  silica 
present  will  separate  as  a  light  precipitate,  which  must  not  feel 
gritty  ander  the  glass  rod  used  in  stirring.  If  gritty,  the  fusion 
with  soda  has  not  been  carried  on  long  enough  to  completely 
-decompose  the  assay. 

Wil^  cobalt  nitrate  fusible  silicates  give  a  rich  blue  glass. 
.Add. — Some  silicates  decompose  on  boiling  with  H  01,  the  silica 
-being  left  as  a  powder  or  a  jelly  of  silicic  hydrate  (see  p.  33). 
Jf  previoosly  fused  with  soda,  a  jelly  ^ways  forms. 

SUrar. — Bar.  and  Mior. — 'White  and  turbid  beads,  partioularly 
dn  O.  F.  CK — Doll  pink  brown  feeble  encrustation,  pale  orim-. 
4on  or  violet  if  formed  over  a  film  of  oxide  of  antimony,  or  where 
.lead  is  present,  the  colour  greatly  improving  on  cooling,    An 

c;oogic 
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ore  of  antimon;  idaj  be  added  to  the  usaj,  to  produoe  thi^ 
reaction.  'Silver  bead  in  R.F.,  wMoh  does  not  mark  paper  like 
lead,  or  turn  white  like  tin  in  O.F.  Wliere  oopper  ia  preaent,  or 
in  any  oomponnd  ore  of  silrer,  it  ia  well  to  use  a  mixed  flax  of 
borKE  and  aoda,  the  borax  taking  op  the  other  oooatitneata. 
(In  presence  of  lead,  see  p.  66.) 

SodinitL — *  i?£Mn«— Strong  yellow. 

StrontinnL — *  I^lama — Crinuion  to  yellowiah-red.  Add. — Dis- 
■olve  aeaay  in  H  Ot,  and  dilate  greatly.  Add  aalpharic  acid ;  a 
white  precipitate  oooors,  sometimes  after  a  little  atanding  (see 
"Calciam"), 

Bolphnr. — Flame — Native  salpbor  g:iveB  a  blue  flame,  but  thia 
'  ia  not  seen  in  the  heating  of  Bolphidea  and  snlpbatea.  CI.  tube — 
Yellow  sabMmate  from  many  minerals,  the  colour  most  notice- 
able when  hot.    0,  tube — Salphnroas  anhydride  is  often  evolved. 

*  Ch. — Blackens  silver  coin  atter  fusion  in  B.F.  with  soda  and 
addition  of  water  to  tbe  slag  (see  p.  60).  Add. — Treated  with 
H  0),  many  aalphidee  give  off  salphuretted  hydrogen,  known  by 
its  smelL 

Sulphides  may  in  all  ordinary  cases  be  diitingntshed  from 
sulphates  by  their  phyiioal  characters.! 

Tin. — Ch. — White    enomstation,    somewhat   weak    at   first ; 

*  blue-green  with  cobalt  nitrate.  *  Metallic  beads,  white  and 
malleable;  beet  obtained  by  powdering  the  assay  with  charcoal 
and  soda,  then  fusing,  and  pounding  out  of  the  residue  in  water 
in  a  mortar.     The  bead  turns  white  in  O.F. 

Titanlom. — £or. — O.F.,  colonrless.     B.  P.,  yellow  to  brown. 

*  Mior. — O.  F.,  ooloarless.  R.  F.,  violet.  Dark  red-brown  when 
iron  ii  present.  *  Ch. — The  soda  residue  is  boiled  in  H  01,  with 
tin-foil  about  one  centimetre  square,  to  ensure  reduction,  and  to 
avoid  colouration  of  the  liquid  by  formation  of  ferric  chloride, 
should  iron  be  present.  On  cooling,  and  often  after  some  standing, 
the  solution  becomesvioletthrough  formation  of  titanoos  chloride 
(TLOlg).     See  " Xnngsten "  below. 

Tangrten. — Sor. — O.F.,  colourless.  B,F.,  palish yellow-lirown. 
Mior. — O.  F.,  colourless.  R  F.,  blue.  Crimson-brown  or  red  if 
iron  is  present.  *  Ch. — The  soda-residue,  treated  as  above 
described  under  "Titanium,"  gives  a  Pmssian-blne  solation, 
sometimes  taming  brown  later.  The  oharoo&l  used  in  the 
fusion  mast  not  contain  any  cobalt  nitrate  ^m  previooa 
operations,  since  this  will  produce  a  similar  blue  in  the  acid. 
Some  si^ts  of  molybdenum  are  said  to  behave  similarly. 

t  For  a  rapid  method  for  tbe  determiDation  of  Hnlphides,  arwnides,  and 
antimonides,  see  Burghudt,  MinertU  Mag.,  vaL  ix.  (IS&l),  p.  S27. 
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Uranium. — •  S£)r.—O.F.,  yellow.  B.  F.,  bottle-green.  *  Mier. 
— Oreea  beads.     Distinguished  thus  ft^m  iron. 

Zino. — •  Ch. — White  encrustation,  bright  green  with  oobelt 
nitrate  ;  heat  assay  in  R.  F.     No  metaltio  bead. 

ZirconkuiL — ^fonw—Zirconia  glows  very  strongly.  Ch. — With 
cobalt  nitrate  lirconia  becomes  dnll  violet,  a  reaction  onoertain 
and  difflonlt  to  obtain  in  the  case  of  zircon,  th«  only  oommoa 
compotind  of  liroonia.    (See  notes  tm  Ziroon  on  p.  77.) 
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OHAPTER    VII. 


The  aeleotion  of  minerals  here  made  mcludea  some  that  are  of 
&r  rarer  ocoarrence  than  others,  bnt  which  jet  are  the  mora 
common  representatiTea  of  oertaiu  chemical  conatituenta  of  the 
earth's  oruat.  It  also  excludes  a  number  of  important  minerals, 
partioulartj  silicates,  which  must  be  reoogoised  by  physical 
characters  or  more  complete  chemical  analyais.  The  group,  for 
example,  of  the  felspars  thus  obt^ns  little  prominence  j  but  the 
later  section  devoted  to  Szabd'a  flame-reactions  does  them,  it  ia 
hoped,  some  measure  of  justice.  The  worker  is  presumed  to 
have  before  him  some  handy  text-book  of  mineralogy,  and  quea- 
tdona  of  colour,  hardness,  &o.,  are  thus  omitted  irom  these  notes, 
except  where  especially  important  for  distinction.  Should  the 
mineral  under  examination  not  oorreepond  with  any  in  the 
following  serieo,  reference  to  the  text-book  under  the  head  of 
those  that  agree  with  it  most  closely  will  generally  complete  itm 
determination. 

An  alphabetical  order  has  been  adopted ;  bat  an  index  at  the 
end  of  tiae  list  serves  to  connect  ^e  ores  of  the  same  metal  one 
with  another.  The  abbreviations  used  are  the  same  aa  thoae  in 
the  preceding  section.  The  chemical  formula  is  given  after  each 
name. 

la,  Alonlte  (see  notes  on  Websterlte). 

1.  Anglesite,  FbSO^.  0.  tule — Fuses,  and  on  prolonged 
heating  forms  a  slight  white  sublimate.  Ch, — Lead  encrusta- 
tioo.  Fuses  and  reduoee  easily  to  metal  With  aoda,  sulphur 
reaction.  Add. — Despite  its  appearance,  the  apeoifio  gravity 
(  •-  62)  anggests  the  presence  of  a  heavy  metal. 

2.  AnliyStte.  GaSO^  ^<Came~Calcium,  with  HCL  ftu. 
— About  2-e.  CL  ttibe—So  water.  CA.~With  soda,  so^bur 
reaction.  Add. — Hardness  =  S  <»  more ;  that  of  gypsum  —  2. 
Soluble  in  HOL 

3.  Anorthlta.  CKAl,Si,Og.  Flama — Oaldum,  ondeoomposi- 
tionwith  HOL  Fat. — Nearly  as  high  as  orthoclase.  Xier. — 
Silica.  Add. — Best  treated  by  Stabd's  method.  Decomposed  by 
H  OL    Specific  gravity  =  about  2-76. 

4.  Antunonlte.    8b,  S,.     Flame—  Smoky  green.     jW. — 1.     Ct, 


BLOWPIPB-BIAOnOXa  Oir  HIirKBALS.  67 

fu£e — Bed  >DbIimate  of  ftntimonoas  sulphide,  dEtrkening  to  blkok 
at  bue;  white  oxides,  sod  sometimes  salphnr,  above.  0.  fu^ — 
Similar;  dense  white  oxides.  Ch. — Similar  products;  in  the  end 
«ompletelj  Tolatilised.     With  sodl^  snlpbar  reaction. 

5.  Apatite.  30agPjOg  + Oa(Cl,,F3).  Kiw«— With  sulphurlo 
acid,  green  (phosphoras),  Fv*. — Near  5.  CI.  ivhe — With  mag- 
nesiom,  phosphorus  reaotion.  Add. — Soluble  in  strong  H  CI.  A 
drop  of  salphario  ooid  added  to  the  solation  precipitates  micro- 
Bcopio  orystals  of  gjpBum.  Treated  with  nitric  acid  and 
wnmoniam  molybdate  solution,  gives  strong  yellow  precipitate; 
Sinall  fragments  may  be  thus  dealt  with  on  a  glass  slip. 

6.  Apophyllite.  H,0aSi,0f  +  HjO,  with  some  FL  Flams— 
With  blue  glass,  good  potassiom.  F\u. — Easy,  with  intumes- 
oence.  Jfioc. —SUioa.  CI.  (mJ»— Water,  ^dd— With  HOI 
gives  gelatinous  silica  in  lumps. 

7.  AJagonite.  Oa  CO,  (Rhombic  form).  j%tm«— With  H  CI, 
stroiuF  calcium.  Fui. — Infusible.  Add. — Efferresoes  freely  in 
cold  H  CI.  The  solation,  if  greatly  diluted,  gives  no  precipitate 
on  addition  of  sulphuric  acid,  even  after  long  standing.  Dis- 
tipgnished  thus  from  strondonite; 

Diatinguisbed  from  caldte  by  its  specific  gravity  (e  2*93)  and 
■lightly  superior  hardness. 

8.  Atgentite.  Ag,  8.  J^.— Easy.  Bar.  and  Jfter.— SilTer  re- 
actions. Ch. — Silver  bead.  With  soda,  snlphnr  reactions. 
Add. — Sectile  and  malleable.  Distinguished  from  stephonite  by 
i^jsence  of  antimony. 

9.  Atacamite.  Cu  CI,  +  3  H,  Cu  O^  .f%im«— Bums  lumin- 
ously, and  gives  a  blue  flame  near  the  assay  (copper  chloride) 
and  copper  green  beyond.  Bar.  and  Miw. — Copper  reactions. 
Ci.  lubi — Water.  Forms  yellow-brown  and  greenish  deposits  at 
lower  end  of  t«ibe>  Ch. — Similar  deposits  on  the  charooaL 
CoppM'brad. 

10.  Aagite.  (Co,  M|^  Pe)  Si  O,  with  some  AJ,  O,  and  Fe,Oy* 
Ftu, — About  $-5.  Mior. — Silica.  Add. — Can  be  just  scratched 
with  a  knife.  Prism-angle  of  87*  distinguishes  Uie  pyroxenea 
from  tiie  amphiboles. 

11.  ASQiita.  20nOO,  +  H^CnOy  Flame  —  yrith  HOI, 
copper  colours.  Fus. — 2.  Bor.  and  Mier. — Copper  reactions. 
€1.  luie — Blackens  ;  water  given  off.  Ch. — Copper  bead. 
Add. — Effervesces  freely  in  hot  H  CL  Distinguuned  from 
molaofaite  by  blue  oolonr;  from  dialcanthite  by  absenoe  of 
sulphur  and  insolubility  in  water. 

12.  Barytas.  Ba  S  O^.  .flame— Bariom  green.  /W.— About 
3;  eonunonly  decrepitates.     Ch. — With  soda,  sulphur  reaction. 

*  Sni  HintM,  Mhumlogk,  Bd.  iL,  p.  DU. 
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Add. — Bpeoifio  grKvitj  =  4-ES,  a  ohaimcter  noticeable  even  in  small 


13.  Bismath.  Bl  Am.— Tery  euj.  0.  iubt—¥xiaea  and 
forms  white  to  pale  Telloir  anblimate ;  if  potassiiim  iodide  and 
sulphur  are  fused  with  it^  a  Tennilion  sublimate  reeults.  Ch.— 
Bismath  encrustation,  which  becomes  a  strong  red  when  potassium 
iodide  and  sulphur  are  added  to  the  assay.  These  materials 
ihould  be  powdered  up  with  the  bismuth.  Fuses  to  a  brittle  bat 
■Iwhtly  malleable  bead,  which  does  not  mark  paper. 

Bismathine  (Bi,  8g)  gives  similar  reactions,  but  with  evidenoe» 
(^anlpfaur. 
13a.  Blende  (see  Zinc  Blende). 

14.  Bomite.  (Ou^  Cu,  Fe)  S.  ^?mm— Copper.  .fl«.— Easy. 
Sor.  and  Jtficr. — -Copper  reaotions.     Ch. — Fusee  to  a  magnetio 

? lobule.  With  soda,  copper  beads  in  a  black  magnetic  residue- 
iron).  Sulphur  reaction.  Add. — Distinguished  by  purple-red 
tarnish  from  copper  pyrites ;  yellowish  when  freshly  fractured. 

15.  Bracite.  HjMgO~  Fut. — Infusible;  becomes  opaque, 
CI.  tub« — Water.  Ch. — With  cobalt  nitrate  gives  a  somewhat 
poor  magnesium  reaction.     Compare  with  talc. 

16.  Calamine  (Smithaonite  of  Beudont).  ZnOO,.  Ch.—ZiDo 
encrustation,  which,  with  the  residue,  becomes  a  fine  green  with 
cobalt  nitrate.  ^c^.—Efiervesces  in  H  01.  Distinguished  from 
hemimorphite  (calamine  of  Brongniart)  by  not  yielding  gelatinoo* 
silica. 

17.  Caloite.  CaOO,  (rhombohedral  form).  Like  Aragonlte. 
Add. — Specific  gravity  =  2-72.  Perfect  rhombohedral  cleavage 
very  marked,  even  when  fragments  are  examined  with  a  lent. 

18.  CaBBlterite.  SnO,.  Jficr.— Often  some  silica.  Ch.— Tin 
encrustation,  blue-green  with  cobalt  nitrate  ;  near  the  assay,  and 
very  characteristic  if  examined  when  cold.  Powder  with  one 
part  of  charcoal  and  two  parts  of  soda,  to  obtain  good  metallio 
beads.  The  metallic  bead,  treated  alone  on  charcoal  in  0.  F., 
oxidises  and  turns  white,  unlike  lead  or  silver.  Add.-~Sfe^&o 
gravity  =  about  6'6,  an  important  character  when  examining 
ute  dull  bro?m  pebbles  of  Stream  Tin. 

19.  Celestine.  SrSO,.  .fTatn*— Strontium.  Ch. — With  soda, 
sulphur  reaction,  jlc&i.— Distinguished  from  gypeum,  should 
the  flame  be  doubtful,  by  hardness  =■  3  -  3'5  and  specific  gravity 
E  3*95;  also  absence  of  water,  and  insolubility  in  HCl.  The 
latter  tjiaracter  distinguishes  it  from  anhydrite. 

30.  Cenissite.  FbCO,.  Flame—Lead..  Fut.—Yerj  easy. 
Ct.  tube — Becomes  yellow  on  cooling  (lead  oxide).  Ch. — Lead 
encrustation ;  rajadly  reduced  to  metal.     Add. — EffigrreMea  in 
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hotHOL  Specific  gravity  — 64  when  crystallised,  snggeatdng, 
in  ipito  of  its  sppesnoioe,  toe  presence  of  &  heavy  metaL 

20a.  Cbaleopyilte  (see  Ciqiper  ?;prltflB). 

21.  Chalybite.  FeCO,.  .fW— Near  6;  blackena.  Bor.  and 
Mier.—lTon  reactions.  CI.  tube. — Slackens;  magnetio  residue. 
<7A.— Ditto.     J(jt£.— Effervesces  in  hot  H  01 

32.  Chloanthite.  {Ni,  Oo,  Fe)  Ab^  JW.— Easy,  for.— Cobalt 
reaction.  Kmnch  iron  is  present,  the  bead  will  be  green  when 
hot.  To  obtain  evidence  of  the  nickel,  prepare  a  large  well- 
coloured  borax  bead  and  transfer  it  to  charooal;  oxidise  for  some 
time;  separate  the  blue  glass  from  the  metallic  residne  by 
breaking  the  bead,  wrapped  in  paper,  on  the  anvil ;  fnee  the 
residue  again  with  more  borax  on  Uie  charcoal,  and  repeat  the 
operation  nntil  the  bead  becomes  brown  (niakel)  or  colourless 
{no  nickel  present).  To  confirm  this  result,  treat  the  residue 
now  with  miorocosmic  salt,  which  will  show  the  charaoteristdc 
jrellow  dae  to  nickel  in  O.  F.  If  copper  is  also  present,  the 
micraoosmic  salt  bead  will  be  green,  and  will  become  red  in  R.  F. 
on  addition  of  tin. 

Where  the  quantity  of  nickel  is  small,  a  gold  button  weighing 
About  76  milligrammes  should  be  Aised  with  the  borax  bead  on 
'CharcoaL  This  withdraws  the  nickel  and  any  copper,  and,  after 
^sion  with  fresh  borax  to  remove  all  cobal^  gives  with  micro- 
cosmic  salt  the  nickel  or  nickel  and  copper  reaction. 

The  colours  of  beads  tbns  treated  On  charcoal  can  always  be 
examined  by  picking  np  some  of  the  hot  material  on  platinom 
wire.  CI.  (u««— Arsenic  sublimates.  Ch. — Abundant  arsenic 
cncmstotion. 

23.  Chromite.  (Fe,Or)(Fe«Or^0^oftenwithMgOandAljO,. 
Fua. — Practioally  invisible;  becomes  magnetic  in  K  F.  Bor.  and 
ifier. — Fine  chromium  reactions ;  mingled  with  those  of  iron 
when  hot.     Ch. — In  B.  F.  somewhat  feebly  magnetic  residne. 

24.  ChiysocoUa.  Probably  H^CuSiO^+HsO.  .JTomo— Copper. 
Fut. — Infusible.  Bor.  and  Micr. — Copper  reactions.  In  latter, 
cloudy  silica.  CI.  tube — Water  j  becomes  black.  C&. — With 
aoda,  metallic  copper.  Add.—yfiih  H  CI,  eepantion  of  powdery 
silica.     Commoi^y  some  carbonate  present. 

25.  CtamabBT.  Hg  S.  CI.  lubo — Black  sublimate,  which  has  a 
red  streak,  ^ith  soda  added,  yields  globules  of  mercury.  Ch.— 
Volatilises.  With  soda,  sulphur  reaction.  With^potassiimi  iodide 
and  sulphur,  faint  yellow  encmstation.    Add.— Red  streak. 

26.  CobattiDS.  Co  As,  +  Co  S,  (  -  Co  As  S).  Aw.  and  Jfiot-.— 
Oobalt  reactions.    CL  (u6fl — Fuses.   Artenoos  sulphide,  sulphur. 
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white  ozidft,  and  aometimefi  some  metallio  Arsenio.  0.  tube — 
White  oxide  and  some  snlphide.     Ck. — Arsenio  eacniBtation. 

27.  Copper  Pyrites  (Gholcopyrite).  On  Fe  S,.  .j^ome— Copper 
colonra  with  HOI.  Fu». — Btwj.  Bar.  wad  llior. — Copper 
reaotiiiiiB  ;  green  in  0.  P.  when  hot,  owing  to  presence  of  iron. 
CI.  tube — Some  snlphur.  Ch. — -Fnsea  to  a  magnetic  globnle. 
Boaat  in  0.  F.,  and  then  reduce ;  a  copper  bead  Keparatea  in  the 
mass.  Soda  only  obeonres  the  reaction.  Add. — Hardness  °»  3*5  ; 
easily  distinguished  thus  from  iron  pyrites,  whioh  cannot  be 
■oratched  by  the  knife. 

:i7a.  Copper  Glance  (see  Bedmthite). 

38.  Conmdnm.  A1,0,  JW.— Infusible.  Jfior.— Very  slowly 
Bolable ;  often  some  sili^  Ch. — With  oobalt  nitrate  the  residue 
becomes  pale  bine  (alomiua).  Add. — Hardnees  =  9 ;  speoifio 
gravity  —  4.  These  eharaoters  are  both  important  when  dealing 
with  rough  forms,  saeh  as  the  pebbles  found  in  streama.  The 
parting-planes  are  generally  traceable  even  in  these. 

29.  CryoUte.  6  ITa  F  -t-  AL  F,  (  ^  Na,  AI,F„).  Flame  — 
Sodium.  Fut. — Tery  easy.  CI.  twe — Flnorine  reaction  with 
sulphnrio  acid.  Ch. — After  thorough  heating,  tlie  residue  gives 
alumina  reaction  with  oobalt  nitrate.  Add. — Fused  with  micro- 
cosmic  salt  on  a  glass  slip,  leaves  a  dulled  and  etched  area  when 
the  slip  has  been  washed  and  dried.  Distinguished  &om  fluor- 
spar by  its  lower  hardness  (  =  2-5)  and  its  easy  fncdbility. 

30.  Cnprite.  On,0.  j%hm— Copper  oolonn  with  H  01.  Fut. 
— Easy.  Bor,  Kod  Mior. — 0<^per  reactions.  £>.  At£«— Blafiken& 
(On  0).  CA.— Copper  bead  in  R  F.  easily  obtained.  Add.— 
Soluble  in  H  CI.     Streak  red. 

31.  Dolomite.  (Ca,Hg)0  Or.  Orystallised  dolomite  shonH  be 
Oa  0  0,  -f  Mg  0  Pp.  Flama—Witii  H  01,  caloiom.  Am. —In- 
fusible. A<il. — fifferveaoee  in  hot  H  01,  oaloite  eflbrvescing 
freely  in  cold.  Intermediate  forms  give  intermediate  re- 
aotions. 

To  the  H  01  solution  add  slight  excess  of  ammonia,  and  then 
solution  of  hydric  disodic  phosphate  (1  part  of  the  salt  to  10  of 
water).  Allow  to  stand  for  some  time.  If  magnesia  is  present, 
a  minutely  orystatline  precipitate  of  ammonio  magnesic  phosphate 
will  be  formed. 

The  specific  gravity  of  dolomite  is  about  2'8S,  oalcite  being 
3*72 ;  the  hardness  is  between  3-6  and  4. 

32.  Eptdote.  H,Ca«(Al,Fe},SieO„  /^.  —  Slightly  more 
fusible  than  aotinolite.  Intumesces  somewhat.  Jftcr.— Silica. 
Add. — Hardness  =  6'6,  that  of  the  amphiboles  being  D'C. 
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S3.  Epsomlte  (EpsMU  Salt).  Mg80.  +  7H,0.  ^ua— Very 
«M7,  with  mtomflaoence.  CL  tuM — Wkter.  Ch. — With  cobalt 
nitrate,  magnesia  reaction.  With  soda,  solpbor  reootioii.  Add.— 
Soluble  in  watw.    Bitter  taate. 

33a.  Erabesdta  (aee  Bondte). 

34.  Rnor>Bpar.  Oa  1*^  Flama — Oalciam,  &irlj  good.  .Am. — 
Deorepitatea  much,  bat  finally  ftueB  nt  2-S  — 3  with  ^ollition. 
CL  tuio^Flnoriiie  reaotiona  well  given.  Sometimes  phos- 
phoreaoenb  Add. — Fused  with  miorooosmio  salt  on  a  glass 
slip,  etches  tite  glass  beneath.  Distinguished  from  caldte  \>j  its 
superior  hardness  and  specific  gravity. 

36.  Fnnt^ntte.  (Fe,  Zn,  Mn)  (Fej,  MuJ  0«.  .J^W.— Infusible. 
Bor.  and  Mior.  —  Iron  reactions.  Ch.  —  Zinc  encmstation, 
green  with  oobalt  nitrate.  Add. — Manganese  reaction  with  soda 
bead.     More  or  less  m^netio  even  before  reduction. 

36.  Qalena.  Fba  Uame—Lead.  JW— Tery  easy.  CIIuIm 
— Thin  white-yellow  salphar  sublimate.  0.  tube — After  strong 
heating,  a  distinct  and  charsotenstic  heavy  sublimate  of  lead 
sulphate  forms  as  a  white  streak  on  the  under  side  of  the  tube. 
CA. — Lead  enomstation  fringed  with  lead  sulphate.  Metallic 
lend  bead  eaiily  obtained.  With  soda,  mlphnr  reaction.  Add. — 
Colour  and  aabio  cleavBge  characteristic,  eTen  in  small  frag- 
ments.    For  Argentiferous  Galena,  s«e  p.  66. 

37.  GuneL  Common  Tarieties  represented  by  (Ca^  Fe,  Hg, 
Mn)g  ^Aly  Fe^  Cr^  Si,  O,,.  JW. — The  common  iron-alumina 
and  lime-iron  garnets  fuse  at  3.  Mior. — Silica.  Add. — The 
erystalline  forms,  rhombic  dodecahedron,  ieositetrahedron,  dbc^ 
are  charaoteriotio,  and  can  be  traced  even  in  worn  specimens. 
Hardness  —  about  7  i  specific  gravity  =  aboat  3-6,  but  not  safely 
distinguished  thus  from  ruby  ^red  corundum).  The  low 
fusibility  of  most  varieties  easily  distinguishes  red  garnets 
from  ruby,  nrcon,  and  spineL 

38.  anute.  H,  Fe,  0«.  Ai&— Abont  6.  Aw.  and  Jfier.— 
Iron  reaotioua.  CI.  ttAe — Water.  Ch. — In  B,  F.  m^netic 
residue.  Add. — SoIaUe  in  HOI  after  some  time.  Streak 
yellow-brown.  Crystallises,  and  has  somewhat  higher  ipeolGc 
gravity  than  limonite  {4-2  and  3-8  respectively,  averages  being 
taken). 

H9.  Grf^Ute.  C.  Au. — Infusible,  .fior.— In  B.  F.  givea 
dusky  b«ul  full  of  black  flecks,  resembling  that  due  to 
molybdenum.  Add. — Soils  the  finsers.  Does  not  give  th« 
yellow-green  flame  of  molybdenite,  miich  has  specific  gravity  ^ 
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4-0,  that  of  graphite  being  only  2.     Onphite  ia  alio  blacker  in 
eolonr. 

40.  Gypsom.  GaSOf  +  2H,0.  JTonM— OaJcinm,  witb  H  CL 
JW. — About  2'fi.  CI.  tu6« — BecamM  white  and  opaque ;  much 
water.  Ch. — With  soda,  snlphur  reaotiou.  Add. — Hardness  ■< 
2.    Solable  in  H  OL     See  Celestlne. 

41.  Hsematlte.  Fe,  0^  fu«.— Fusible  on  reduction  in  K.  F. 
Bar.  and  Afiar. — Iron  reactions.  Ci.  (wfia — Generally  a  trace  of 
water,  but  fiu*  leu  than  limouite  or  gothite.  Ch. — In  R.  F. 
magnetic  residue.  Add.- — Slowly  soluble  in  H  Ci  Streak  red 
(highly  characteristic,  even  of  the  black  Specular  Iron  variety). 

42.  Hemimorphlte  (Electilo  Calamlae).  H,Zn,8iO,.  Fug. 
— 6.  Micr. — Silica.  CI.  tube — Water,  Ch. — Zino  encrustation. 
Add, — Soluble  in  KOI  with  formation  of  a  stiff  ailica  jelly. 
Commonly  auooiated  with  some  carbonate  of  aino,  which 
efFerveaoes. 

43.  Hornblende.  (Mg,  Oa,  Fe)  SiO^  with  some  A1,0,  and 
FejOj.*  like  augite.  Prism-angle,  howerer,  124*,  Frequently 
in  elongated  prisms  and  even  finely  fibrous,  as  in  ubeatOB. 

43a.  Horn  Silver  (see  Eerargyrite), 
486,  Ilmenite  (see  Titanlfl  Iron  On), 

44.  Iron.  Fe.  I\ti. — Infasible.  Bor.  and  Aficr. — Iron  re- 
Bctions.  Add. — Magnetic.  Soluble  in  HOI,"  giving  yeUow 
solution.  Placed  in  a  drop  of  aqueous  solution  of  cnpric  sul- 
phate, beoomeB  coated  with  metallic  copper.  Beduces  the  test 
■  >lation  of  ammonium  molybdate,  producing  a  fine  blue  colour. 

Rare  except  in  meteorites :  the  oupric  sulphate  test  has  been 
applied  to  microscopic  sectiona. 

40.  Iron  PyriteB  (Fyritfl).  FeS^  /*«&— About  2.  for.  and 
Mior. — Iron  reactions.  CL  fuA^— Abundant  sulphur.  Ch. — 
Magnetic  after  reduction.  Add. — Insoluble  in  H  OL  Orystal- 
lises  commonly  in  cubea.  Distinguished  from  pyrxbotine  by 
more  brassy  colour,  hardness  (  —  6'5),  behaviour  with  H  01,  and 
partioalarly  by  not  being  magnetic  before  fusion.  Marcasite  is 
slightly  paler  in  colour.    See  Harcadtfl. 

46.  Kaolin.  H^AJ«Si,0^  ,Fu«.— Infusible.  J/ter.— Silica. 
CL  tuis — Water.  £;&.— With  cobalt  nitrate,  »  fine  alumina 
reaction. 

47.  EenrgyTite(Honi  Silver).  A^Ol.  Am.— Very  easy.  Mier. 
— Silver  reaction.  With  copper  in  the  bead,  colours  the  flame 
bine,  indicating  in  this  cue   chlorine.     CL  fui*— Fused  with 

*  8e«  Hintie,  IfintmlogU,  Bd.  U.,  p.  1186. 
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potuaiam  biaulphAte,  eToWea  H  OL  (Bromyrite  evolrea  Bromme.) 
Ch. — Silver  head.  Add. — UBuolly  brown  on  the  anrboe;  wax;, 
seodle.     Bromyrite  baa  Bimilar  charaoters. 

48.  Kopfonilokel  (Miokeltne).  Ni  Ai.  Fiu.—Vtaj  «wj.  Bar, 
«ad  Micr. — Bickel  reactions.  If  complicated  by  cobalt,  must  be 
treated  as  described  under  cUoanthite.  CI  tube — No  arsenic 
minor,  0.  tvho — ^White  oxide.  Ch. — Arsenic  enorostation. 
In  R.  F.,  magnetic  globule.  jleUL— Insoluble  in  HGL  Copper^ 
red  colour  characteristic 

49.  Lftbradorite.  Frequently  {Na,Al,SigO„).2(C«Al,Si,Og). 
Flame  —  Calcium  and  sodium,  the  former  often  orerpowerea 
by  the  latter.  Fttt. — 3'fi.  Mier. — Silica.  Add. — Slowly  decom- 
posed by  HCL  Best  treated  by  Szab6's  method.  Specifio 
gravity  =  about  2'7. 

60.  Limonite.  Hg  Fe^  0~  lake  gOthita  ;  but  specific  gravity 
■omewhat  lower  (—  aboat  3-8).     Not  found  oiyatallised. 

91.  HagnflBlte.  MgOOg.  Au.— Iniiisible.  <7&.— With  cobalt 
nitrate,  iaii  magnesia  reaction.  Add. — Efferresoes  foirly  in 
hotHOL 

52.  Magnetite.  Fe,  O^.  Fv. — 6.  Bor.  and  Jfier. — Iron  re- 
actions. Add. — Slowly  soluble  in  H  OL  Magnetic  before 
reduction,  attracting  its  own  powder.  Many  masses  show  polar 
msgnetiam  of  oppodte  kinds.  Compare  notes  on  Titanic  Iron 
Ore. 

63.  HalacMte.  Co  0  O^  +  H,  On  O,.  Like  asurite.  Green 
colour  highly  characteristic.  Distinguished  from  cbrysocolla  "tij 
absence  i^iuica  and  by  less  porceltanous  aspect. 

63a.  Mugulte  (see  notes  on  PsUomelaDe). 

64.  Haretalte.  FeSj.  Lik^e  pyrite.  Somewhat  lighter  in 
oolour.  Reiidily  decomposed  on  exposure  to  the  atmosphere. 
Oocnrs  often  as  conoretiona  in  the  Onalk. 

66.  MU^keL  FeAsS{»  FeAs,  +  FeS,).  .TW.— 2.  Bor. 
and  iiier. — Iron  reactions.  CL  taoff^— Arsenous  sulphide  and 
«xcellent  arsenic  mirror.  0.  tube — White  oxide-  Ch, — Ditta 
Mimetic  residue  in  R.  F.  With  soda,  sulphur  reaction.  Add 
— ^Whea  containing  cobalt,  difficult  to  distiiiguisli  &om  smaltite, 
but  contains  far  more  iron,  and  is  rhombic,  not  cubic,  in  crystal- 
lisation. 

56.  Holfbdenite,  Mo  Sj,  J^nms  —  Molybdenum,  resembling 
barium.  Fus. — Infiisibl&  Bar.  and  Mier. — Molybdenum  re- 
actions. 0.  tube — Faint  white  molybdenum  trioxide.  Ch. — 
Whit«  encrustation,  at  some  distance,  when  an  unusually  large 
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aB8a>7  is  used ;  thii  anomataitioii  at  odds  turns  a  fine  blue  ootour 
when  touched  with  K  F.  With  soda,  sulphur  reaction.  The 
product  of  the  Boda-fuaion,  boiled  with  tin  in  HCl,  colours  the 
fluid  greenish  Bud  finally  brown.  Add. — Bluer  in  tint  than 
graphite ;  marks  paper  with  a  greenish  streak. 

57.  Matrolite.  Nai(Al^i,0„  +  2HjO.  j%»7)»— Strong  sodium. 
Fv.—2.  CI  (m6»— Water.  Jtfior.— Silica.  Jdti— With  H  01 
forms  a  strong  silica-jelly.  Hardness,  like  maay  zeolites,  —  0-5, 
but  often  appears  less,  throogh  fibrous  Htraotore. 

58.  Hephelins  (Blnollte').  Approximately  (Ka,,  K^)  AlfSi^Og, 
but  seems  to  contain  uightlj  more  silica.  Ftamu — Sodium. 
/W.— 3-5.    i^ior.— Silica.    iitM.— With  HCl  forms  a  stroag 

68a.  HickeUne  or  Niccolite  (see  Eapfemickel). 

59.  Nitre.  KN'O,.  Flame— ¥\u.t,  Fotuasium.  Am.— Very 
eany.  CI.  tuhe — Fused  with  bisnlphate  of  potash,  gires  otf 
brown  fumes,  well  seen  on  looking  down  tube.  (7A.— Flares  up 
directly  it  is  tonohed  with  the  flame,  forming  potassium  carboa- 
ate.     Add. — Soluble  in  water.     Ofaaracteristic  taste. 

60.  OligOcUse.  Frequently  fi  (Na,  Al,  Si,  0,g) .  (Oa  Al,  Si,  0,). 
/7ain«— Sodium.  Fv».~-^b.  J/tcr.— Silica.  Jrfii— Specific 
gravity -about  2-63.  Not  deoomposed  by  HCl.  Beat  treated 
by  Szabd's  method. 

61.  Olivine.  (Mg,  Fe),SiO^.  /V*.— Infusible,  iftcr.— Silica. 
Add. — Most  common  Tarieties  givo  a  silica-jelly  with  H  CL 
Transparent  yellow-green  appearance  characteristic.     H-^6  — 7. 

62.  Orthoclase.  (K.„Na^AljSiaOio.  /"^awie— Potaeaiam  good, 
with  blue  glass.  Often  much  sodium  {Boda-Ortfaoclue).  Fut. — 6. 
Micr. — Silica.  Add. — Not  decomposed  by  HCl.  Specific  gravity 
■■  about  2-56.  Best  treated  by  SiabiS's  method.  Distinguished 
by  high  degree  of  fusibility  from  the  other  common  felspars 

63.  Pltebblende.  '^tO^.  Fiu.—Z.  Bar.  and  iftor.— Urania m 
reactions.  In  Mier.,  generally  silica.  Add. — Liable  to  give  many 
reactions  dne  to  impurities  of  salphnr,  copper,  kc  The  micro- 
cosmic  salt  beads  are  the  most  conclusive  blow  pipe- reaction. 

64.  Pronstite.  Ag,  As  8,  (  -  3  Ag,  S .  As,  S^.  Fu».~l.  Bor 
and  Mier. — Silver  reactions.  CI.  tuhe — Some  arsenoua  sulphide. 
0.  tfAe — White  oxide.  £7A.— Arsenic  encrustation.  With  soda, 
silver  bead  and  sulphur  reaction.  Add. — Streak  scarlet- vermilion. 
(Jfwra) ;  see  Pyrargyrite. 

65.  Ffdlomelaoe.  Hydrous  oxide  of  Mn,  Ba,  and  K.  Flame — 
Burium.  £or.ttnd  Mior. — Manganese  reactions.   CI.  tuba — Water. 
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Add. — Soluble  in  HOI;   ohlorine  eTolved,  knovn  hj  ita  smelL 
HuigBiilte(H,MiL,0^ia  often  oiystAllised,  and  yields  no  barium. 

66.  Fyrargyiite.  Ag,SbS,(  =  SA^^S.SbgSg).  Like pronBtite, 
with  antimony  in  place  of  arsenic.  Ch. — -Silver  oxide  encrustaf 
tion  on  antimony  oxid&     Add — Streak  purpliah--red  (Mien). 

67.  FTrolnmte.     Mn  O^     Am.— Infosible.     £or.  and  Mier.— 
Manganese    reactions.     CI.    tuht — Commonly    a    little   water. 
Evolves  oxygen,  a  glowing  splinter  of  wood  inserted  in   tube  ■ 
being  re-kindled  as  eaohpuff  of  gas  arises.   Add, — Soluble  in  HGl 
with  erolutdon  of  chlorine,  wMofa  is  known  by  its  smell. 

68.  ^romorpMte.  3  Pb^  P,  Og  +  Pb  CI,  -f^oww  —  With  sul- 
phorio  wdd,  phosphorus  reaction,  the  ^raen  flame  anrroundins  an 
inner  bine  one  due  to  lead,  JW.— Yetr  easy.  Jftor. — With 
copper  oxide,  ofalorine  reaodon.  Ch, — "V^iite  lead  chloride  eo- 
cmstation;  nearer  assay,  lead  ditto.     With  soda,  metallic  lead. 

69.  PytrhoOne.  Fe,  Sg  (  =  6  Fe  S .  Fe  8,).  Fvs.  —  About  2. 
Bar.  and  Mior. — Iron  reactions.  CI.  tube — Scarcely  any  sulphur. 
Add. — Soluble  in  H  01,  with  &ee  effervescence  and  evolution  of 
sulphuretted  hydrogen  on  boiling.  Magnetic  before  rednction, 
and  attracts  its  own  powder.     See  notes  on  Iron  I^rttes. 

70.  Qnsrtz.  SiO^  i^u:  —  Infusible.  Jfier.— TJnditsolTed. 
Ch. — Fuses  readily  with  soda ;  cobalt  nitrate  added  to  the  pro- 
duct produces  a  deep  blue  glass,  as  in  ordinary  fusible  silioatea. 
Add. — Hardness  =  7 ;  distinguished  by  its  low  speoiflc  graiity 
(2'66)  from  many  colourlesa  gems. 

71.  BedmthitA  (Copper  Qlance).  On,  S.  FlamB—With  H  CI 
«fpper  flftmea.  Am. — ^Abont  l-o.  Sor.  and  JIfior. — Copper  re- 
actions, d  ftfifl — So  solphor.  Ch. — With  soda,  or  when 
roasted  in  O.  F.,  metallio  copper.  With  soda,  sulphur  reaction. 
Add,—StatiU. 

73.  Bhodonlte.  MnSiO^  JW— About  2-6.  Bor.andMwr.— 
Hauganese  reactions.  In  latter,  silica.  Add,  —  With  H  01 
oommonly  effervesces,  thmugh  presenoe  of  some  carbonate.  Bose- 
red  colour  chaiaoteristdo,  but  does  not  satisfactorily  distinguish 
it  from  dialogite. 

73.  Bock-BSlt.  NaOi.  Flama — Intense  Bodinm.  ft**.— About 
I.  JfMT. — With  copper,  strong  chlorine  reaction  (p.  61),  Add. — 
Soluble  in  water.     Taste  characleriatic,  but  similar  to  sylvine. 

74.  Bntile.  TiO,.  /W.— Infoaible.  Bor.  and  Mufr.—Qood 
titanium  reactions.  Barely  soluble  in  latter.  Ch. — The  soda- 
residue,  boiled  with  tin  in  H  01,  gives  a  strong  titanium  reaction 
upon  standing. 
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75.  Sal-UDinoiiiao.  N  H,  CI.  Fve. — Swells  up  tuid  volatalises 
without  fadon.  Miar. — With  copper  oxide,  ooloriiie  reaotioa. 
CI.  <u6e — VolatiliseB,  forming  dense  white  sublimate  and  fames. 
Add. — EvolveB  ammonia,  known  b;  its  emeU,  when  pounded  up 
-or  fused  with  sodium  carbonate.     Soluble  in  water. 

7&a.  SidBiite  (see  Chaljbite). 

76.  SmalUne.  (Go,  Fe,  Ni)  As.  Graduates  into  Ohloaathite; 
richer  in  cobalt.     See  Chloantbin. 

77.  Soda-Nitre.  Na  N  O,.  Flame — Strong  sodium,  ^m. — 
Very  easy.  CL  tuhe — Fused  with  bisulphate  of  potash,  elves  off 
brown  {umea,  well  seen  on  looking  down  tube.  CK — Flares  up 
like  nitre.     Add. — Soluble  in  water.     Saline  tMt& 

78.  Spbene.  Ca  Si  Ti  0..  ^u«.— Fairly  easy.  Bar.  and  Mier. 
— Titanium  reaction.  SiUca  in  latter.  Ch. — The  soda-residue, 
boiled  with  tin  in  H  01,  gives  a  clear  titanium  reaction. 

79.  Spinel  (Mg,Fe)(AJ-Fe,)04.  .flw.— Infusible, thus  diffei^ 
ing  firom  similarly  coloured  garnets.  Add. — Specific  gravitv  lees 
than  zircon  (about  4-0  and  4'5  respectivelj).     See  uotes  on  Zuvon. 

79a.  Btibaite  (see  Antlmonite). 
796.  Stream  Tin  (see  Caesiteiite). 

80.  Strontianite.  SrCO^  /7am«— Strong  strontium.  Add. — 
Effervesces  in  cold  H  01.  Even  very  dilute  solutions  give,  oo 
standing,  a  precipitate  with  sulphuric  acid.  Compare  with 
Aragonite  or  calcite, 

81.  Snlpbor.  S.  FUvme — Burns  with  a  blue  flame.  CI  tuba — 
YolatUises,  giving  sulphur  sublimate. 

82.  Sylvine.  K  Oh  Flame — Strong  potassium  ;  otherwise  lite 
Tock-aalt. 

83.  Talc.  HjMggSi^O^j.  /'us.— Infusible.  The  lameUee  bend 
Away  from  one  another  during  beating.  Micr,' — Silica.  Gl.  tubt 
— A  little  water.  Ch. — With  cobalt  nitrate,  a  fair  magneaia 
reaction.  Add. — Hardness  recognisable  as  less  than  that  of  the 
micas,  even  with  knife-point  on  small  specimens. 

83a.  Tinstone  (see  Cassiterite). 

84.  Titanic  Iron  Ore  (ilmenite  and  titaniferous  magnetite).  II- 
menlte  =  m  Ti  Fe  0,  -^  n  Fe,  0,,  Fiu.  —  Practically  infusible. 
Bor. — Iron  reactions.  Mier. — Iron  and  titanium.  Ca. — In  B.  F. 
magnetic  residue.  The  soda-reaidue,  boiled  with  tin  in  H  01  gives 
a  satisfactory  titanium  reaction.  Some  specimens  are  magnetic 
before  reduction. 

86.  Topas.     (F,HO)sAl,SiO«.     (See  Groth,  Tab.  Uebereieht, 
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1898,  p.  116.)  ?«.— Infusible.  Jfwrr.— SiUca.  CA.— With 
oobalt  nitrate,  alumina  reaction.  Add. — Fused  on  glass  slip  m. 
deBcribed  on  p.  62,  dulla  and  etches  the  surface.  Distinguished 
&om  quartz  by  hardneM  =  8,  Bpeciflc  grarity  "S'S,  and  preseuce- 
of  good  clearage  (basal). 

86.  TommaUne.  Boroailicate  of  various  bases.  Flame — Some 
speoimens  give  boron  flame  when  fused  with  fluor-spar  and 
bisnpbate  of  potash.  Fua. — Yarious,  but  often  easy.  Micr.-^ 
Silica,  J(^— Distingnished  from  hornblende  by  hardness  =  7, 
and  very  common  occnrreDce  of  trigonal  prisms. 

87.  Tivlantte.  Fsg  P,  0.  +  8  H,  O.  FUmo—WiOi  aulphurio 
acid,  phosphorus.  Fu». — ^sy.  Bor.  and  Mter. — Iron  reactions. 
CI.  tube  —  Becomes  white;  (P-^^^  off  water,  CA. —  Magnetio 
residue.  Add. — Soluble  in  H  CL  Beduoes  the  ammoainm  molyb- 
date  Bolntian,  the  blae  colour  mingling  with  the  yellow  precipitate 
due  to  phoephorio  acid.  Blue  colour  characteristic,  but  altem  to- 
brown,  becoming  then  red  by  transmitted  light.  Blue  crystals 
strongly  pleochroic. 

88.  WebBterite.  Al^O.  +  9  Hj  O.  .^W.— Infusible.  CI.  Ivba 
— Much  water.  Ch. — -With  cobalt  nitrate,  fine  alumina  reaction, 
With  soda,  sulphur  reaction.  Add. — Soluble  in  H  CI.  Specifio 
gravity  -  1'66.  Alnnite  {K:,AI,8,0„  +  6H,0)  has  higher 
hardness  and  specifio  gravity,  and  is  insoluble  in  H  CI. 

89.  Witherite.  BaCO^  .f^ntTie— Barium.  Fut.—2.  Add. — 
Effervesces  in  H  CL 

90.  Wolfram.    (Fe,  Mn)  W  O^.    /"w.— Decrepitates,  but  fuses 
1  about  3.     Bor. — Iron  and  sometimes  manganese.     Micr. — Iron 

and  tungsten.  Ch, — The  Boda-reeidue,  boiled  wi^i  tin  in  H  Gl, 
gives  a  fine  tungsten  reaction.  Add — Carbonate  of  Boda  bead 
gives  manganese  reaction.     Lustre  and  cleavage  characteristic. 

91.  WollaBtontte.  Oa  Si  0^  Flanu—Fine  calcium  with  H  CI. 
Ftu. — About  i;  glows  strongly.  Micr. — Silica.  Add — Oives 
a  silica-jelly  with  H  CI.     Some  carbonate  often  present. 

92.  Zino-Blsnde  (Blende).  Za  S.  .*^.— About  6.  CL  tuba- 
Thin  sulphur.     Ch Zinc  encruetation,  at  times  excellent  with 

cobalt  nitrate,  poor  in  other  examples;  best  produced  when 
specimen  is  in  B.  F.  Some  varieties  give  oadmium  encraetation. 
Often  magnetio  residue.  With  soda,  sulphur  reaction.  Add — 
Soluble  with  efiervescence  in  hot  H  CI,  sulphuretted  hydrogen 
being  evolved. 

93.  Zircon,  ZrSiO^.  .^W.  —  Infusible.  Ch.  —  Tbo  soda- 
leaidue,  after  thorough  fusion,  treated  in  a  dish  with  hot  water,, 
givea  abundant  minute  hexagonal  platy  crystals  (zirconia)  and. 
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riiombohedim  (tsodic  sirGoiute).  Ezamine  on  glass  slip  under 
mioroscopio  power  magnifying  abont  400  diameters.  For  dis- 
cQBsion  of  this  reaction,  see  Ldvj  A  Ziacroix,  Minirauai  da  Sooha 
(1888),  p.  117.  If  the  soda  and  the  dnmn  are  not  finely  pul- 
verised together  and  completely  fused,  a  residne  of  siroon  &sg- 
ments  alone  appears.     See  notes  on  Garnet  and  BpineL 
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Prop.  8ub6  of  Bud^test,  b;  making  more  precise  oertain  flame- 
reactions  indicated  by  Bansen,  developed  in  1876  a  nev  method 
for  the  determination  of.  the  felspars  and  allied  silicates  found 
in  common  rooks.*     Practice  has  axain  and  again  ahown  that  the 

*  "tTabv  aine  none  Uethode  die  Faldipathe  anoh  in  Q««teineQ  sor 
beatimmen. "    Fi*nUin-Vai«in,  BndapMt. 

An  abttraot  oecnn  iaProe.  American  Aimx.  for  Jihmneemmt  qfBdMet, 
loL  zxxL,  1882,  withont  iUustratloat. 
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obmrrations  mode  in  this  manner  in  the  BunBen-flame  are  as 
reliable  as  thej  are  stinple  and  expeditiouo.  Oas  is  required, 
bnt  a  carefnl  observer  working  on  Epical  minerals  with  a  blast- 
lamp  might  no  doubt  profitably  oonstnict  a  table  of  reactions 
with  which  to  compare  the  resnlts  given  in  the  same  flame  bj 
undetermined  speoimens. 

The  Bunsen-bumer  used  bj'  Smibd  has  a  tube  of  1  om. 
diameter.  A  three-rayed  supper^  screwed  on  over  the  upper 
end  until  it  rests  3  cm.  below  the  orifice,  carries  a  removable  iron 
cone  6  cm.  high,  9'3  cm.  in  lower  diameter,  and  3  cm.  is 
diameter  above. 

The  flame  is  13  to  14  cm.  high  when  the  cone  is  not  employed. 
The  position  of  highest  temperature,  the  fimonftlace,  ie  about 
one-fourth  of  the  total  height  of  the  Same  above  its  base. 

The  particle  of  felspar  or  other  mineral  to  be  tested  most  be 
of  a  fixed  balk  and  about  this  size  •  when  fiised  to  a  globule ; 
it  must  be  carefully  selected  from  a  roughly  powdered  sample  of 
the  rook  of  which  it  forms  a  part,  and  must  not  be  touched  by 
the  finger  nor  immersed  in  water  that  is  not  distilled.  The  lens 
should,  as  usual,  be  used  in  the  selection  of  such  fragments,  and 
the  character  of  their  oleavage  can  often  be  noted  as  a  pre- 
liminary. Should  the  minersJ  fly  to  pieces  in  the  flame,  Szabd 
reoommenda  that  a  sample  of  the  mineral  should  be  allowed  to 
decrepitate  by  heating  in  a  oloaed  tube,  the  fragment  finally  used 
being  selected  frvm  the  material  thus  already  broken  up. 

The  particle  is  supported  on  a  platinum  wire  of  about  this 

thickness ,  of  which  1  decimetre  should  weigh  only  32 

milligrammea  The  usual  small  loop  is  made  at  the  end  of  the 
wire. 

To  mcure  the  partieU  on  Af  win,  a  matter  which  some  workers 
have  found  troublesome,  bnt  which  need  cause  little  annoyanoe 
caniidering  the  ease  with  which  the  observations  are  bially 
made,  8w»6's  directums  should  be  carefully  followed  Dip 
the  wire  loop  in  distilled  water  and  touch  the  grannie  with  it, 
quickly  raising  it,  bo  that  only  the  upper  surface  becomes  wetted ; 
turning  the  wire,  the  dry  snnaoe  of  die  particle  comes  upwards. 
Bring  it  in  this  position  gradually  near  to  the  base  of  the  Bnnsen- 
flame^  the  water  thus  drying  off  slowly ;  a  card  should  be  held 
beneath  the  specimen  to  catch  it  if  it  becomes  shaken  ofi'. 
Finally  let  it  enter  the  flame  and  remain  there  for  two  seconds, 
the  surface  in  moat  oases  becoming  Aised  to  the  platinum  wire. 
The  wire  can  be  supported  in  various  ways  in  the  flame,  the 
liointa  selected  being  in  the  outer  envelope  at  (ft)  the  base  of  the 
flame^  (b)  at  6  millimetres  above  the  base,  uid  (C)  the  foBion- 
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place,  aboat  S  mm.  aboTe  the  top  of  the  iron  oone.  The  present 
writer  haa  described  the  following  support  as  one  that  practic» 
has  ahowQ  to  be  osefoL*     (Fig.  9.) 


Bft  9. 

A  amaU  gallipot,  auch  as  is  used  for  Ltebig's  extract,  finrma  » 
base  that  ia  clean,  strong,  and  adequately  heavy.  A  brass  wire, 
about  3  mm.  in  diameter,  passes  through  the  cork  of  tiua,  and 
rifles  16  centimetres  above  it,  carrying  a  stout  coric  A,  which  can 
be  slid  up  and  down  to  any  level.  A  ateet  wire  or  knitting- 
oeedle,  some  25  cm.  long,  is  pushed  horizontally  throu^  A,  the 
last  7  cm.  on  either  side  being  then  bent  fbrwara  at  right  angles, 
Two  small  corks,  B  and  B',  are  carried  by  the  parallel  arms  thua 
fbrmed,  and  support,  by  means  of  a  knife-slit  in  the  top  of  each, 
the  fine  platinum  wires  employed  B  caji  be  slipped  off  the  steel 
wire,  the  minetal  fragment  can  be  attached,  with  Prof.  Szab6'a 
precautions,  to  the  platinum  loop,  and  the  carrier  replaced 
without  fear  of  loss  by  jarring.  B'  can  be  used  for  a  type- 
specimen  to  be  compared  with  that  under  examination,  the  wires 
on  both  corks  being  adjusted  to  exactly  the  same  level,  and  one 
or  other  being  brought  at  will  into  the  flame. 

The  cork  A  being  set  approximately  at  the  proper  height,  the 
rotation  of  the  steel  wire  within  it  moves  B  and  B'  equally  in 
vertical  planes,  and  gives  a  delicate  means  of  fine  adjustment. 
To  secure  uniformity  of  position  in  snccessive  experiments,  the 
platinum  loop  carrying  the  specimen  is  brought  to  the  exact  level 
of  the  top  of  the  Bnnaen-bumer,  or  to  the  level  of  the  top  of  the 
iron  cone.    A  small  plate  of  wood,  C,  of  the  thickness  of  6  mm., 
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is  then  slid  Tinder  the  gallipot,  the  Bpeoimen  being  thna  raised  to 
the  podtions  adopted  by  Frot  8atb6,  without  any  of  the  diffi- 
cnltiea  that  often  arise  from  the  jarring  or  atiffnois  of  motion 
in  more  elaborate  sapports. 

The  dimensions  above  given  are  those  adapted  to  a  Bnnsen- 
bnrner  of  ordinary  height  and  ordinary  diameter  of  base.  For 
paaUng,  the  erection  can  be  taken  down,  and  the  6-miUimetre 
plate  and  tiie  Hmaller  oorke  can  be  kept  inside  the  gallipot  till 
required. 

ObBemtiOD  of  Fnslblllty. — Szabd's  aoale  may  be  tboa  eam- 
mariaed.  It  is  nnfortnnate  that  the  degrees  are  numbered  in 
the  rererse  order  to  those  of  Ton  EobelT,  but  this  differenoe  is 
eanly  learned. 

The  numbers  of  the  scale  here  given  refer  to  the  result 
obtained,  whatever  part  of  the  flame  is  used ;  thus,  a  mineral 
may  have  a  fusibility  of  1  in  the  point  b  and  of  3  in  the  point  o* 
The  product  must  be  examined  with  a  lens. 

0,  Infdsiblft 

1.  Edges  and  comers  alone  rounded. 

3.  General  fbrm  unaltered,  but  edges,  oomeis,  and  &ce8  fused. 

3.  Form  altered,  but  not  to  a  globule. 

4,  Fuses  to  a  globule. 

l^e  time  qf  heating  is  in  each  observation  one  minute,  the 
speoiinen  being  tried  first  in  the  position  ft  (base  of  flame),  then 
moved  to  b  (0  mm.  above  the  base),  then  to  C  (6  mm.  above  the 
iron  o(me),  notes  being  made  of  its  appearance  on  withdrawal 
from  eaoh  portion  of  the  flame. 

On  these  observations  SEab6  founds  8  d^;rees  of  fusibility 
among  minerals,  depending  on  the  positions  in  whioh  the  above 
desci:^>ed  reactions  take  place. 

Detennlnatlon  of  Sodium  and  Fotasdain. — Held  in  podtion  b 
(first  row,  fig.  10),  the  assay  imparts  a  certain  dearee  of  coloura- 
tion to  the  flame.  Five  degrees  are  recognised,  No.  S  being  the 
most  intense.  The  observer,  with  a  drawing  of  these  degrees 
before  him,  notes  down  the  figure  corresponding  to  the  flame 
nven  bv  his  assay,  and  picks  up  an  indigo  prism  or  cobalt  glass 
5  mm.  thick,  through  which  he  views  the  flame  with  the  object 
of  detecting  potassium.  Three  degrees  of  the  characteristic 
violet-red  flame  may  be  distinguished  by  a  good  eye  (lowest  row, 
fig.  10).  All  this  can  be  done  in  the  one  minute  assigned  to  the 
observati<m ;  at  its  expiry  the  wire  is  withdrawn  and  the  degree 
of  ftision  also  noted. 

Tbo  oone  is  put  on  and  the  same  assay  brought  to  0,  the 
faaion-pUoe.     In  one  minute  similar  observations  of  sodiam 
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(seoond  row,  fig.   10)  and  potMsinm  (lowest  row,  fig.   10)  ■ 
mkde,  and  the  foaibilitf  is  again  obBerred.     The  odouratio 


J.        2.        J 
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shonld  ba  slightly  stronger  thut  in  b,  the  d^ree  3,  for  inatanoe, 
now  repreaaatiiig  an  inteneer  fliune  than  3  in  the  previooa 
observation. 

The  assay  is  now  dipped  in  distilled  water  and  then  into 
powdered  sypsam,  whioh  thns  adheres  to  and  snrronnds  it.  On 
reheating  in  position  0,  the  gypsnm  assists  decomposition,  the 
sodinm  and  potasdam  being  converted  into  sulphates.  The 
observation  should  be  made  when  the  assay  has  been  two 
minutes  in  the  flam& 


I.         2.         \.        4u 

Fig.  11. 

It  is  nnnecessaiy  to  obserre  the  sodinm  reaction  except  as  a 
check ;  bat  the  potassium  flame  is  intensified  and  foor  degrees 
are  distinguishable  (fig,  11),  Ko.  1  representing  a  quantity  too 
minute  for  previous  detection. 

DetenninaUoii  of  Caldnm. — The  lime  in  felspars  and  allied 
mineraU  can  generally  be  inferred  from  the  diminution  of  the 
soda  and  potwi ;  but  its  flame  may  be  seen  as  follows : — 

Put  fir&gments  of  the  mineral  in  a  glass  tube  with  cold  con- 
centrated hydrochloric  acid  sufficient  to  completely  cover  them, 
Olose  with  was  and  leave  for  24  honrs.  Then  open  and  plunge 
in  a  &irly  thick  platinum  wire,  ooiled  at  the  end.  The  drop 
thus  brought  out  is  held  in  position  b,  and  the  first  colour 
obaervable  is  due  almost  entirely  to  the  calcium.  A  direct- 
vision  spectroooope  shows  the  red,  orange,  and  green  lines  dis- 
tincUy,  ^e  flames  due  to  sodium,  potassium,  and  lithium 
follow  in  order,  and  the  degrees  observed  during  this  operation 
often  serve  to  distinguish  minerals  in  which  the  actual  percent- 
age of  soda,  Ac.,  is  uie  samc^  a  higher  degree  being  shown  by 
those  more  easily  decomposed  by  acid. 
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TYPICAL  REACnONS. 
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^^S-t 

^^x^ 

In 

DiopotUuHa 
MlUtiOD,  ttfr 

PoriUoob. 

K». 

E. 

^ISSL"' 

M. 

K. 

'ftStai"' 

K. 

Cl 

Sm. 

1.  OrthoolBse, . 

1-3 

,., 

IS 

1-3 

2.3 

s-4 

3-4 

0 

1-3 

2.  Soda-OFtho- 1 
Blaso,         I 

3-4 

1 

a-i 

3-4 

1-2 

'  * 

2-S 

0 

1-2 

8.  Albite,  .       . 

6 

0 

a-* 

S 

0 

4 

0 

0 

1-2 

4.  Ollffoelase,  . 

3-S 

0 

'* 

44 

0 

4 

1-2 

0 

2 

s.  Asdeslne,    . 

3-4 

0 

ts 

3-4 

0 

S-4 

1-2 

0-1 

2-3 

0-2 

e.  Labradorlte, 

2-3 

0 

o-t 

2-3 

0 

ta 

1-2 

1.2 

2-3 

0-1 

7.  Bftawnlta,  . 

2-3 

0 

0-1 

2-3 

0 

l-B 

0-1 

2^ 

1-3 

0-1 

8.  Anorthlte,   . 

1-2 

0 

0-1 

1-2 

0 

0-1 

0-1 

2-3 

1-3 

0-1 

9.  Lendte, 

2-3 

s 

1 

2-3 

s 

t 

4 

0 

3-3 

10.  Neptaellne,  . 

. 

1-3 

t-3 

S 

2-3 

3-4 

3-4 

0 

B 

3-4 

11.  Noseau, 

6 

1 

1 

S 

1-2 

t 

2-S 

0 

0 

3 

12.  Haoyne,      . 

6 

1-2 

I 

5 

1-3 

tJ 

2-3 

0-3 

S 

1-S 

13.  SodaUte, 

A 

0-8 

IS 

S 

0-3 

S-4 

0-3 

0-1 

s 

1-3 

A  table  baaed  on  those  prepared  by  Szab6  ii  given  above.  The 
degree  of  fusion  is  stated  according  to  the  modified  scale  adopted 
on  p.  81.  The  observer  draws  np  a  blank  form  on  the  same 
lines,  notes  into  it  each  observation  nnmericall;  as  Boon  as  made, 
and  compares  the  whole  resnlt  with  the  series  given  in  the  table. 
A  good  plan  is  to  take  each  result  teparatel;  and  write  down 
all  the  felspars  or  allied  minerals  to  which  it  might  possibly 
correspond.  A  comparison  of  the  brief  lists  thus  formed  enables 
one  to  pick  oat  the  name  that  oocars  most  frequently,  or  the  tw» 
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between  which  the  mineral  must  lie.  These  reoottons,  performed 
upon  minate  grains,  and  CM)oap7ing  altogether  about  ten  minotet, 
h^ve  a  great  'ralne  to  the  geologist,  however  Rimple  they  may  at 
tirst  appear  to  the  ohemiat,  mindful  of  his  refined  but  lengthy 
4uethodB  of  analysis. 

The  determinatioa  of  potasainm  in  the  flame  ia  rendered 
eMier  by  the  following  process,*  which  allows  of  a  complete 
decomposition  of  the  silicate,  and  which  is  nnafibcted  by  the 
presence  of  a  bright  sodium  flame.  On  a  loop  of  platinum  wire, 
2  mm.  in  diameter,  form  a  bead  of  sodium  carbonate.  Moisten 
this  with  water,  and  pick  up  about  2  cubic  mm.  of  the  mineral — 
i-e.,  aboat  twice  as  much  as  ie  used  in  Szabd's  process.  Place  the 
wire  on  the  support  in  position  0,  5  mm.  above  the  cone.  The 
specimen  does  not  tend  to  fall  off,  but  ia  soon  attacked  and  dis- 
solved.    Leave  Sot  two  minutes  by  the  watch. 

Then  observe  the  flame  throngh  5  mm.  of  blue  glass.  The 
bright  sodium  flame  is  cut  off,  except  for  a  marginal  column, 
which  comes  through  blue.  If  potasaiam  is  present,  it  is  revealed 
by  a  pink-violet  inner  fidnge  to  this  blue  column.  Judging  from 
its  extent  and  also  its  intensity  near  the  assay,  three  grades  can 
be  established. 

Qrade  I  —  aboot  4  per  cent,  of  potash. 
.1      2  -      „      8 
,.      3  -      „    12 

The  ease  of  manipulation  in  this  method,  and  the  completeness 
of  decomposition,  seem  to  recommend  it.  It  is  also  of  service  in 
«xamining  the  glassy  or  fine-grained  groundmaases  of  igneous 
rocks.  All  true  orthoclases  &11  in  grade  3 ;  but  each  observer 
should  establish  the  grades  for  his  own  eye  upon  specimens 
Already  known. 


OHAFTER    IX. 

MXlMUtATlOH  or  THI  OFTIOAL   PBOPSBTIBS  OF  HIKKBILS. 

Ih  a  book  written  for  the  geologist  rather  than  for  the  mineral- 
ogist,  a  detailed  aooonnt  of  the  optical  properties  of  minerals,  as 
observed  in  slices  out  from  them  in  known  directions,  would  be  oat 
«f  places  The  appearance  of  the  oommon  nx^-forming  minerals  in 
*  O.  Cole,  "  FotsMiiuii  in  SlUoatei,"  QtoL  Mag.,  18S8,  p.  108, 
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ordinary  mioroioopic  oectioiu  u  ataitftd  in  ChApten  xvi.  uid  xtIL 
It  will  be  well,  however,  to  indicate  at  onoe  some  of  the  terms 
that  may  be  employed  in  describing  the  phenomena  then  ob- 
served.* It  has  long  been  aastomwy  to  introdnoe  into  these 
terms  the  hypothesis  of  sa  incompressible  ether,  of  elasticity 
variable  with  the  direction  of  its  displacement;  bnt^  as  Mr. 
Fletcher  has  pointed  oni,  changes  of  view  as  to  the  nature  of 
the  ether  have  rendered  such  phraseology  nndesirable. 

If  we  take  a  plate  cut  from  a  donbly  refracting  crystal,  bat  not 
perpendicular  to  an  optic  axis,  tmd  cause  a  ray  of  ordinary  light 
to  strike  it  in  a  direction  perpendicular  to  its  snr&oe,  this  ray,  on 
entering  the  oryitsl-p]ate,  ia  split  into  two,  which  respectively 
vibrate  in  planee  that  are  perpendionlar  to  oneanother.  Tha 
traoes  of  t^ese  two  planes  on  the  snrfaoe  of  the  plate  may 
be  called  the  vibntion-traoes  for  that  particular  aeotion.  They 
have  also  been  styled  the  "  vibration-directions,"  and  "  direotians 
of  greatest  and  least  elasticity,"  for  that  particular  section. 

The  ray  corresponding  to  one  of  these  traces  is  propagated 
with  greater  velocity  than  that  oorrea ponding  to  the  other  trace. 
We  may  call  one  trace,  then,  the  fiut-ray  vibnition-trace,  and  the 
other  the  Blow-ray  Tibration-tTaoet,  or  "fast-ray  trace"  and  "slow- 
ray  trace "  where  shortness  is  desirable.  These  correspond  tO' 
Pra£  Oroth's  "vibration-direction  of  greater  light-velocity,"  and 
"  vibration-direction  of  less  ligh t- velocity ;"  and  to  the  n'„  and  n',  of 
MM.  Hichel  L6vy  and  Locroix},  who  distingnieh  the  direotions  as 
those  of  rays  with  smaller  or  greater  refractive  index  respectively. 

It  is  of  interest  to  observe  that  the  vibration- traces  represent 
the  directions  of  the  axes  of  the  ellipse  which  is  formed  by  the 
intersection  of  the  plane  of  our  crystal  plate  with  the  optical 
indicatrix,  or  enr&ce  of  reference  for  rays  propagated  in  any  direo- 
tion  in  the  crystal.  The  vibration-traoe  of  the  alow  ray  corre- 
sponds to  the  long  axis  of  this  ellipse  (n'^)  §,  and  viae  iwrsd,  and 
the  lengths  of  the  two  axes  are  proportional  to  the  refractive 
indices  for  rays  of  the  same  colour  vibrating  parallel  to  them 
respectively,  and  travelling  normally  to  the  surfitces  of  the  plate. 

*  Vor  a  dlsansdon  of  the  principln  nndarlyug  the  opUoal  ptwartium  of 
mmeiala,  the  nader  shonld  ipMiully  aonsolt  Flatohor'i  Optteal  Ittditalriai 
{Mia.  Mag.,  voL  ix.,  1891,  p,  378  j  slM)  Lnned  m  a  Mparate  work,  revised, 
BiibluhedbjH.Frowd&l892);aUoGrath,  PhvMaln^ Krt^l^araphit, 
Ird  edition,  ISU  t  and  Prerton,  Theory  vLioM,  3rd  edition,  IWl. 

1 1  am  indsbted  to  Hr.  L.  Blatober,  F.R.B.,  for  geoerooi  help  in  the 
disouHJOD  and  •elaotion  of  the  above  teniw. 

t  Lt»  Miminmx  da  BoAa,  pp.  S  and  4. 

i  Or,  as  Mr.  Fletohw  nmemonioally  put*  It  to  me,  the  longer  tiaoa  Is  &• 
koger-tima  vibrmtlca-traoe. 
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The  indicatrlx  of  »  biaxi&l  crystal  is  An  eUipsoid,  the  three 
axes  of  which,  perpendioular  to  oae  another,  have  different 
lengths;  it  has  three  planes  of  symmetry,  each  of  which  contains 
two  of  ^e  axea,  and  is  perpendicular  to  the  third  axis.  If  a  ray 
of  light  is  propagated  along  a  line,  other  than  an  optic  axis,  lying 
in  one  of  these  planes  of  symmetry,  it  travels  with  one  or  other 
of  two  different  velocities.  In  one  case  the  ray  vibrates  per- 
pendical^ly  to  the  plane  of  symmetry,  and  therefore  parallel  to 
the  axis  which  is  perpendionlar  to  that  plane;  the  vibration- 
direction  in  the  other  case  is  parallel  to  the  plane  of  symmetry. 
The  velocity  of  the  former  ray  ia  constant,  in  any  particular' 
otystaJ,  whatever  the  direction  of  propagation  of  the  ray  may 
be  within  the  plane  of  symmetry ;  its  refractive  index  is  also 
constant,  and  it  is,  in  this  respect,  an  "  ordinary  "  ray. 

There  are,  however,  three  different  indices  of  refraction  for 
the  three  ordinary  rays  that  correspond  to  the  three  planes  of 
symmetry  respectively.  Seeing  that  rays  of  the  various  oolonrs 
composing  white  light  snffer  refraction  in  different  degrees,  these 
indices  are  deMrmined  with  monochromatic  light,  the  sodinm 
flame  being  generally  used.  They  are  styled  the  principal  indices 
of  lefractiOQ  of  the  crystal  The  smallest  is  usaally  designated  a, 
or  tif  of  French  anthers ;  the  mean  is  j8,  or  n. ;  and  the  greatest 
is  7,  or  »^     Since  the  value  of  j8  is  not  the  arithmetic  mean 

between  a  and  y,  the  result  of ^ — <-  is  employed  to  express 

the  average  refractive  index  of  the  mineral.  Thia  may  be  briefly 
termed  the  "  refractive  index  of  the  mineral."  A  very  high 
refractive  index  for  rook-forming  minerals  is  2*712,  that  of 
mtile ;  while  I  '433,  that  of  fluor-spar,  is  a  low  refractive  index. 

By  definition,  the  axes  of  the  optical  indicatrix  of  a  biaxial 
crystal  are  proportional  to  the  principal  indices  of  refraction ; 
the  length  of  the  shortest  axis  is  thus  expressed  by  >  or  f^  that 
of  the  mean  axis  by  J3  or  n^  and  that  of  the  longest  by  7  or  n^ 

In  the  ease  of  a  doubly  refracting  biaxial  crystal,  there  must 
be  one  section  in  which  the  difference  in  the  velocities  of  the 
slow  ray  and  the  fast  ray,  travelling  perpendicularly  to  the  faces 
of  the  plate,  is  as  great  as  possible  for  that  particular  mineral ; 
such  a  section  contains  the  longest  and  shortest  axes  of  the 
optical  indicatrix.  Consequently,  the  &at  ray  for  this  section 
will  be  the  ray  of  least  refractive  index  in  the  crystal  as  a  whole; 
and  its  direction  of  vibration  will  be  that  of  the  shortest  axis  of 
the  indicatrix,  the  Qerman  it,  or  the  "axis  of  greatest  elasticity" 
of  the  older  elastic  theory.  The  slow  ray  for  such  a  section  will 
similarly  be  the  slowest  possible  ray,  or  ray  of  greatest  refractive 
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indaz,  uul  its  nbr&tion-directicm  wiU  agree  with  the  Iong«rt 
axis  of  the  indiontrix, «.«..  with  the  GermuL  t,  (*  the  "mub  ot 
le«at  elftaticit;  '  of  the  older  eUatic  theoi?. 

In  uniaiial  mjmtala — i.e.,  crystals  of  the  HBXAflOHAL  aud 
TKTBAGOHAX  Bystema — any  Bection  parallel  to  the  principal  axis 
(optio  axia)  of  the  oryBtal  contains  these  two  direotionB,  one  of 
which  ooneaponda  to  the  principal  axis,  and  the  other  to  any 
line  perpendionlar  to  it;  and  such  a  section  is  required  in 
describing  the  optical  propTties  of  a  minenl  of  either  of  these 
Byitems. 

If  the  principal  axia  is  the  Tibration-direction  for  the  slowest 
ray,  the  crystal  is  called  potitim ;  if  fi)r  the  fastest  ray,  it  is 
called  n^cUitK 

In  biaxial  orysbJs,  the  section  containing  the  longest  and 
■hortest  axea  ci  the  indicatrix  is  always  the  plane  of  the  optic 
axes.  Two  of  the  axes  of  the  indicatrix  bisect  the  acute  and 
obtuse  angles  between  the  optic  axes,  and  are  therefore  styled 
the  acute  and  obtute  biteetrieea  respectiyely  i  they  are  necessarily 
perpendicular  to  one  another.  If  the  vibration-direction  for  the 
slowest  ray  bisects  the  acute  angle  between  the  optic  axes,  the 
crystal  is  called  poiitive  ;  if  this  angle  is  bisected  by  the  vibration- 
direction  of  the  fastest  ray,  the  crystal  is  called  negative 

In  orystsJa  of  the  bhombio  system,  the  axes  of  the  indicatrix 
are  coincident  in  direction  with  the  crystallographic  axes,  and 
the  optic  axial  plane  is  parallel  to  one  of  the  three  planes  of 
symmetry  of  the  crystal  The  vibration-directions  for  the  slowest 
and  fastest  rays  correspoud  to  those  of  the  two  crystallographic 
axes  that  are  contained  in  a  aeotion  parallel  to  the  optic  axial 
plane.  The  third  axia,  perpendicular  to  the  plane  of  this  section, 
is  the  French  n^  the  Oerman  b,  and  the  "&zia  of  mean  elas- 
ticity "  of  the  older  elastic  theory.  For  the  section  containing  b 
atid  a,  b  will  coincide  with  thn  ^ow-ray  vibration-trace ;  but  for 
that  containing  b  and  x,  b  will  coincide  with  the  fast-ray  vibra- 
tion-trace. 

In  crystals  of  the  moroglimio  system,  the  optic  axia)  plane  is 
either  parallel  to  the  plane  of  symmetry — v«.,  to  the  dinopinacoid 
— or  is  some  plane  perpendicular  to  this.  In  the  former  case,  the 
bisectrices  make  angles  with  the  vertical  crystallographic  axia, 
which  vary  for  different  mineral  species.  In  the  latter  case,  one 
of  the  bisectrices,  corresponding  either  to  B  or  r,  according  to  the 
apecies,  coincides  in  direction  with  the  orthodit^nat ;  the  other 
^incides  with  the  trace  of  the  plane  of  symmetry. 

Xn  the  TRiOLiHic  system,  there  is  no  relation  between  ^e 
taosa^  the  optical  indicatrix  and  those  of  crystallographic  fonn. 
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The  terms,  am  applied  to  crystal-oeotions,  m&j  now  be  rammed 
Dp  as  follows  : — ' 

Fastest-r&y  vibration- trace  —  direction  of  vibration  for  rays  of 
leut  refractive  index  and  greatest  velocity,  the  direction  of  pro- 
pegation  being  perpendicular  to  the  aeotion ;  ="  axis  of  graateet 
elasticity,"     Symbol  a,  S  or  n,- 

Sknrest-ray  Tibration-trace  ->  direction  of  vibration  for  rays  of 
greatest  refractive  index  and  least  velocity,  the  direction  of  pro- 
'  pagation  being  perpendicnlar  to  the  section ;  = "  axis  of  least 
elasticity."     Symbol  t,  y,  or  n^ 

It  should  be  remembered  that  the  two  latter  symboU  in  each 
«ase  represent  actual  numbers,  which  are  the  refractive  indices 
&r  raya  vibrating  parallel  to  the  directions  for  which  they 
respectively  itand. 

While  the  applications  of  the  optical  properties  of  minerals  will 
be  dealt  with  in  oonneotion  with  the  miorosoope  (pp.  141  to  163), 
yet  one  important  property  may  be  treated  here,  since  it  can  be 
observed  in  ordinary  specimens,  without  the  oae  of  seotions. 
This  is  the  phenomenon  of  pleochroisni. 

PlMKhroiSDL — Several  minerals  which  are  coloured  and  yet 
fiurly  transparent  exhibit  their  pleoehroism  in  ordinary  crystals. 
When  held  up  between  the  aye  and  the  light,  either  in  the 
fingers  or  cemented  to  a  little  stick,  and  turned  about  in  various 
directaons,  a  change  of  tint  may  be  perceptible  according  to  the 
directioa  in  which  the  light  traverses  the  crystAL  Yivi&nite 
and  traosparent  andalusite  can  easily  be  examined  in  this  way. 

The  extreme  colours  thus  observed  are  the  "  face-coloun " 
(i^UcAm/Jirien)  of  Haidinger ;  but  the  "  axis-iJoloarB  "  (vl«»- 
jarbwC^  prove  with  more  certainty  that  a  mineral  is  pleochroio 
and  enable  one  to  correctly  describe  its  characters,  ^e  colour 
<if  any  fiuM  is,  in  fact,  compounded  of  the  colours  of  two  groups 
«f  rays  into  which  the  light  entering  the  crystal  has  been 
divided.  Brewster*  in  1619  passed  polarised  light  through  a 
number  of  specimens,  noting  the  extreme  differences  of  tint  pro- 
duced by  bringing  different  directions  in  the  crystal  paralld  to 
"the  plane  of  primitive  polarisation."  This  is  the  method  now 
made  use  of  in  observing  the  asis-colonrs  of  minerals  in  micro- 
secticns  (see  p.  \^'i).  Haidinger,f  however,  by  his 
Kope  (iiKsAn»tfe)pucAe  Loiwpi^  made  both  the  axis-colours 
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Tiaible  at  once.  This  instrument  con  be  easil;  obtained,  uvery- 
poriable,  and  proves  in  many  cases  valuable  in  the  examination 
of  tranapiirent  miuerals,  such  as  gems. 

A.  braaB  tabe,  some  6  cm.  loug,  encloses  a  oleaTage-priem  of 
oaLdte,  the  longer  edges  parallel  to  the  axis  of  the  tabe^  On 
eaob  end  of  the  caldte  is  cemented  a  amall  glaaa  prism  of  about 
18°,  which  makes  the  terminal  sur&ces  vertdoal  and  prevents  the 
ntjB  tcoxa  being  so  strongly  refiracted  as  to  necessitate  a  stonter 
ingtrument  Pro£  Ohurch  states  that  as  an  alternative  method 
the  ends  of  the  calcite  may  be  out  off  perpendicular  to  the  longer 
edges. 

At  one  end  of  the  tube  is  a  magnifying  lens,  at  the  other  a 
small  square  aperture,  the  image  of  which  is  sharply  seen 
through  the  lens.  But  this  image  is  doubled  by  the  caloite;  and, 
if  a  pleoohroic  mineral  is  held  against  tbe  aperture,  the  two 
squares  seen  will  be  of  different  colours.  The  mineral  must  be 
viewed  in  some  direction  other  than  that  of  an  optic  axis,  and 
must  be  turned  about  until  the  maximnm  difference  of  colour  ia 
observable  in  the  two  image*  of  the  square,  in  which  case  the 
vibration-traces  of  the  two  groups  of  rays  emerging  from  tbe 
crystal-face  are  parallel  to  t£oBe  of  the  calcite  i^onibohedron. 
ConsequeaUy  the  rays  of  one  group  are  already  vibrating 
parallel  to  one  of  the  planes  into  which  tbe  donbly-refrai;ting 
calcite  wonld  tend  to  bring  them ;  these  rays  therefore  are  not 
doubly  refracted  by  the  calcite,  but  oome  through  to  the  eye 
entirely  in  one  of  tbe  two  images  formed.  Similarly  the  other 
set  of  rays  from  the  crystal,  being  at  right  angles  to  the  first, 
comes  through  entirely  in  the  other  image  formed  by  the 
dichroscope.  Thus  the  colours  dne  to  each  set  are  completely 
separated  for  examination,  and  this  will  again  occur  on  rotationi 
of  the  dichroscope  through  90*. 

It  will  be  remembered  that  uniaxial  crystals  are  tUehroic  and 
biaxial  are  Iriehroie.  Thus,  if  a  prism  of  beryl  or  tourmaline  ia 
rotated  about  its  longer  axis,  no  change  of  face-colour  will  be 
perceptible  to  tbe  eye,  and,  a  &r  eurer  test,  the  colours  of  the 
two  squares  seen  with  the  dichroscope  remain  respectively  the 
same  and  at  their  maximum  difference.  But  if  a  biaxial  crystal^ 
such  as  topaz,  is  thus  examined,  changes  will  take  place  in  the 
axis^oloura  as  different  &cb8  are  viewed.  Sacb  observations 
should,  however,  be  oondncted  on  cylinders  or  on  sections  of 
equal  thickness,  and  the  complete  detenninatioa  of  the  character 
of  the  pleoobroism  of  a  particular  mineral  is  beyond  our  present 
aim.  But  the  mere  &ot  that  a  mineral  ia  pleochroio  is  often  of 
oousiderable  value.     Tbos  garnet  and  red  ipinel  may  be  d» 
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tinguisbed  from  ruby,  minerala  of  the  cubic  a^atem  being  optically 
Binilsr  in  &11  diraotions,  uid  conseqaently  exhibiting  no  pleo- 
ohroism,  irhile  mhj  gives  pink-red  and  yelloT-pink  axis-colonrs. 
Olass  imitations  of  emerald,  mbj,  or  sapphire  maj  be  similarly 
detected,  and  this  too  in  cases  where  the  nature  of  the  specimen 
renders  other  tests  undesirable. 

We  may  note  in  ooucluBion  that  Htudinger's  first  experiments- 
irere  conducted  vith  a  plain  cleavage-prism  of  oalaite,  at  one  end 
of  which  a  atop  with  a  square  opening  was  placed.  The  dichro- 
Boope  can  now  be  obtained  from  London  mineral-dealers  or- 
opticians,  at  prices  varying  from  about  15  to  20  shillings. 
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PART    IIX 
THE  EXAHINATION  OF  KOCKS. 


"  A»  for  the  urth,  nndemeAth  it  u  tmiiMl  op  u  it  were  by  firo.  The 
'■tonei  thereof  *re  the  place  of  BSipphire^  and  it  hatb  duit  of  gold." — The 
Book  of  Job. 

' '  No  arr&ngemaiit  on  preteod  to  define  and  separate  those  objects  which 
the  hand  of  nature  hu  neither  defined  nut  Bsparatad." — JouK  Maooclloob, 
A  OtdDgkal  Oiattifieation  i^Soekt,  1821. 


CHAPTER    X. 

INTBODDOTOBT. 

Whilk  %  mineral  may  be  to  a  large  extent  discnued  and 
determined  is  the  laboratory,  a  rook,  oonaidered  aa  a  part  of  the 
•earth's  crust,  and  not  as  a  mtre  aggre^te  of  chemical  compound^ 
requires  a  very  Mi  knowledge  of  its  mode  of  ooonrrenoe  before 
it  can  be  properly  treated  of  and  described.  In  fact,  after  a 
stndy  of  a  number  of  type-apecimens,  the  atudent  is  recommended 
to  go  out  to  some  well-described  district,  and  to  endearoor  to 
recoeniae  the  varieties  of  igneous  and  sedimentary  rocka  by 
careful  obserration  in  the  field.  In  this  way  alone  can  he 
appreciate  the  vsriona  modes  of  weathering,  the  massive  or 
minuter  structures  due  to  jointing,  the  smooth  or  rugged 
outlines,  that  characterise  the  masses  of  which  his  band-specimens 
form  a  part  He  will  meet  with  many  difficulties  of  determina- 
tion, and  will  procure  a  store  of  well-aelected  matori&l  on  which 
to  work  dnring  less  propitious  days.  Questions  will  arise,  even 
during  microscopic  examination,  that  will  send  him  back  to  gaui 
further  information  in  the  field;  and  in  the  end  his  investigationB 
will  have  &r  more  geological  value  to  him  than  any  knowledge 
gathered  in  type-eoUectious  or  museums. 

The  notes  that  foUow  presuppose  that  the  specimens  have  been 
-collected  in  the  field;  that  at  any  rate  something  is  known  about 
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their  mode  of  occurrence  oud  their  rel»tioa  to  other  parts  of  the 
suae  mus.  Weathered  apecimens  should  be  avoided  as  a  rale^ 
but  often  rereal  Btructures  hidden  in  the  unaltered  portions. 
Collectiotis  made  froni  stream-beds  or  taluses  are  often  useful  for 
ahoving  the  general  character  of  &  district ;  but  rocks  so  gathered 
are  seldom  of  value  for  detailed  study.  Nothing  short  of  striking 
the  rock-mase  tn  titu  with  the  hammer,  and  taking  in  with  the 
eye  its  position  and  BurronndingB,  even  to  the  broader  featurea 
of  the  landscape,  should  content  the  geologist  irho  would  follow 
worthily  the  founders  and  masters  of  the  science. 

The  points  of  interest  presented  by  various  types  of  rock  will 
be  dealt  with  later.  Broadly  speaking,  in  the  case  of  sedimentary 
locks  specimens  should  be  collected  showing  weathered  sur&ces 
and  also  freshly  exposed  bedding-planes,  since  minute  structures, 
fossils,  &c,  are  best  made  out  by  a  comparison  of  these.  In  the 
case  of  igneous  rooks,  apecimens  must  be  taken  irom  the  centre 
and  from  the  edges  of  any  dyke  or  lava-stream,  and  contact- 
phenomena  repay  the  closest  examination. 

The  pocket-lenB  and  the  knifb  are,  in  the  field,  of  paramount 
value.  To  one,  moreover,  familiar  with  microsonpic  sections,  a 
number  of  structures  and  mineral-forms  will  reveal  themselvea 
with  unexpected  deamsBS  when  a  fairly  smooth  surface  of  the 
rock  is  examined  with  the  lens  alone.  The  pocket-knife  must  be 
used  freely,  aa  in  the  case  of  minerals,  in  estimating  the  bardnesa 
of  a  rock.  The  angle  of  a  steel  hammer,  drawn  across  the  fitoe, 
often  gives  similar  information.  All  rooks  tend,  however,  to- 
have  a  hardness  a  little  below  that  of  their  principal  constituents, 
owing  to  looseness  of  texture  or  development  of  deoomposition- 
films  between  the  grains.  But  granular  limestones  oan  at  once 
be  distinguished  by  the  knife  from  the  unscratchable  quartzites  ^ 
basalt,  which  is  scratched  with  some  difficulty  when  fresh,  can  in 
this  state  never  be  confused  with  black  limestone  or  compact 
dark  shale — mistakes  that  have  been  often  made  during  the 
hurried  examination  of  hand'Specimens.  The  acid-bottle,  owing 
to  risk  in  carrying  and  the  necessity  of  employing  heat  in  many 
tests,  is  seldom  of  great  advanta^  in  the  field,  though  in  the 
laboratory  it  should  always  be  at  hand.  Dry  citric  add,  as 
already  described,  may,  however,  be  coDvenientiy  carried  on 
excursiona. 
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BOOKHRmUOTUBBS  KABILT  DISTIKQCUHBD. 

Thb  Btrootnre  of  »  rook  natumll;  demuiilB  the  fint  attention. 
In  the  m&jori^  of  cases  evidenoe  can  be  obtained  in  Uie  field 
respeoling  the  mode  of  origin  of  the  speoimens  oolleoted,  and  osly 
their  systematic  position  will  retnain  to  be  determined.  Bocks 
may  be  divided  aooording  to  their  more  obriooe  Btraotnral 
■ohuaotera  into  the  following  gronpe  : — 

Okoup  a. — OoABSBLT  Fkaqiurtal  Eookb. 

Stratification  ma;  or  maj  not  be  present  In  gravels  and  oon 
glomerates  cuirent-bedding  shoold  be  looked  for.  The  pooition 
of  the  pebbles,  with  their  longer  axes  lying  in  planes  parallel  to 
one  another,  will  often  give  a  cine  to  the  bedding  or  the  local 
dip.  The  degree  of  ronnding  of  the  pebbles,  their  average  sizc^ 
and  any  evidence  of  cnuhing  and  recementing  that  they  may 
have  undergone  since  their  deposition,  are  stmctaral  points  that 
may  prove  of  considerable  value. 

If  the  fragments  forming  the  rock  are  very  angular,  we  may 
be  dealing  with  an  old  tains  onworn  by  water,  with  a  voloanio 
agglomerate,  ur  with  a  mass  breooiated  snbseqaently  to  its  oon- 
■olidation.  The  natare  of  the  fragments  will  probably  decide  the 
first  and  second  cases;  in  the  third,  we  must  search  for  slicken- 
sided  sor&ces,  whioh  should  be  abundant,  and  must  study  the 
relations  of  the  fragments  one  to  another.  If  the  rook  is  a 
friction-breccia,  detached  portions  of  larger  blocks  will  he  fbund 
lying  suggestively  near  their  parent  maases,  the  interspaces  being 
filled  with  a  sort  of  &iilt-rock.  OtherblockswiUbe&nlted  without 
being  actually  broken  asunder ;  but  there  are,  of  coarse,  oases, 
espeoially  of  fragmental  rocks  that  have  been  aSeoted  by  eartli- 
movemeuts,  whi^  are  partionlarly  hard  to  settle.  14'ear  faults, 
in  contorted  mountain-districts,  and  espeoially  where  softer  rooks 
Abut  against  harder  and  more  resisting  masses,  this  brecoiated 
strootnre  may  be  looked  for  and  expected. 

Oboitf  R — Ordikabt  Stbatifiid  RooKa 

The  points  to  be  ordinarily  examined  in  these  are  the  character 
of  the  bedding,  whioh  may  be  bo  fine  as  to  produce  a  laminated 
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Ctmctim;  and  the  degree  of  ooarseneBB  of  the  oonstitneiLta.  The 
texture  of  the  rook  may  thns  be  granular  and  grit-like,  or  quite 
miorogruiiilar  and  compact.  Fine-grained  voloanio  tufb  and 
sshea  must  often  be  classed  wMx  ordinary  eedimeuta  until  tiie  ud 
of  the  microscope  can  be  called  in.  Abnormallj  large  fragments 
in  a  rook  of  fine  texture,  partioularly  if  they  consist  ol  exceptional 
materials,  may  often  be  ascribed  to  the  aotion  of  floating  ice. 
Examples  of  this  kind  are  the  granite  and  other  bontden  that 
have  been  found  in  chalk. 

OoUtlo  and  plBOlitio  structures,  the  latter,  as  commonly  nnder^ 
stood,  being  a  coarse  development  of  the  former,  are  comparatiTely 
«ommon  among  limestones.  With  a  lens,  the  conoentrio  ooats  of 
the  egg-like  granules  can  be  clearly  seen,  and  often  a  central 
nuoleuB,  some  fossil  or  mineral  fragment,  can  be  detected  in  those 
that  have  been  neatly  ftaotored.  On  the  weathered  surfaces  of 
some  oolites,  such  as  the  Himant  limestone,  the  stmoture  is 
brought  out  with  great  distinctness. 

On  the  sur&ce  of  the  strati&ed  layers,  ripple-marke,  casts  of 
sun-cracks  and  worm-borrows,  footprints,  and  other  signs  of  a 
littoral  origin,  may  often  be  detected  in  the  field.  The  relations 
of  the  fosdls  to  the  bedding-planes  must  also  be  observed ;  in 
some  instances  moUnsoa  are  found  embedded  in  the  positiou  in 
which  they  lived  in  muddy  bonks;  in  some  beds  i^^aln,  biTalves 
irill  be  fbnnd  commonly  entire  ;  in  others  the  separation  of  the 
valves  and  tiie  rolling  of  the  fossils  generally  will  give  evidenoe 
of  troubled  waters  at  the  time  of  deposition.  Derived  fossils 
must  not  be  overlooked. 

The  nature  of  the  oementillg  material  in  a  granular  rook  must 
be  examined.  Interesting  and  exoeptional  snbstanoes,  such  as 
bontes,  have  been  occasionally  found  to  play  this  part. 

ConcretlotlB  must  be  stndied  from  a  mineral  stAnd-point.  On 
being  broken  open,  they  often  show  shrinkage-cracks  filled  with 

froducts  of  infiltration,  giving  rise  to  a  B^tuian  Btractun. 
'osslls  and  various  ori^ial  struotareB  are  often  preserved 
in  the  ooncretions  when  lost  by  alteration  in  the  surrounding 
rock. 

Las^,  the  joiatB  must  be  inspected.  They  may  be  filled  with 
secondary  minerals,  and  their  bounding  anr&oes  may  at  times  be 
sUckensided  1^  earth-mo'rementa. 

We  must  bear  in  mind  that,  sssodated  with  ordinary  fiag- 
mental  stratified  rooks,  there  often  ooour  bands  of  crystalline 
material,  such  as  rock-salt  and  alabaster,  which  have  been 
deposited  from  solution  and  which  exhibit  a  maaoiTe  stmotar& 
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CleavSgB  must  be  distiaguished  from  l&mination,  h&nd-apeoi- 
meiis  at  times  leariiig  this  point  luiBettled.  Traces  of  tho 
original  bedding  mast  be  keenly  looked  for,  and  hard  resisting 
bands  or  coloured  atripes  at  aa  angle  to  the  cleavage-planes  olten 
kfford  the  neoesaarj  evidence.  FoRsils  will  aometitnes  be  found 
distorted  on  the  cleaTage-pl&nea.  A  rippled  wavy  structure,  tho 
herald  of  foliation,  often  causes  the  cleavage  to  become  imperfect. 

Foliation  consists  in  the  grouping  of  the  mineral  constituents- 
along  surfaces  that  are  parallel  to  or  follow  the  curvature  of  onc- 
another.  Although  the  development  of  minerals,  notably  mica, 
along  soma  cleavage-planes  oonnects  deavage  and  foliation,  in 
many  cases  the  latter  structure  is  due  to  the  rolling  out,  as  in  a 
mill,  of  previously  crystalline  materials,  so  that  each  fragment 
assumes  the  form  of  a  much  extended  leuticle.  Hence  it  ia 
important  to  trace,  if  possible,  the  passage  of  a  foliated  rock  into 
one  with  normal  structure,  whether  igneona  or  sedimentary,  and 
too  much  care  cannot  be  devoted  to  the  queetioD  as  to  what 
minerals  in  the  schistose  product  are  deformed  primaiy  snb- 
atances,  and  what  hAve,  on  the  other  hand,  been  developed 
during  the  period  of  cm^  and  pressure. 

The  resistance  of  large  pre-existing  crystals  produoea  the  ^9- 
stractore  of  many  gneisses,  the  smaller  constituents  flowing 
round  the  larger  ones  and  tailing  out  in  streams  on  either  side. 
This  atracture  is  best  seen  on  anrboes  perpendicular  to  tho 
planea  of  foliation. 

Barely,  but  most  interestingly,  true  pebbles  reuudn,  nncnished 
and  recognisable,  in  foliated  rocks,  as  evidence  of  their  fonuflr 
sedimentary  origin;  but  it  must  be  remembered  that  the 
crumpled  or  extended  foliation- planes  themselves  do  not 
necessarily  represent  original  surfaces  of  laminatioo. 


Qaovf  D. — Bocks  that  bays  Gonbolidatbd  raoii  A  Statb 
OF  FnsiOR  (Ignkocs  Bookb). 

The  relations  of  these  to  the  surrounding  masses  will  often 
decide  their  mode  ol  origin ;  but  in  an  unfortunately  large 
number  of  cases  the  exact  contact-plane  cannot  be  examined, 
and  the  junction  ia,  indeed,  often  faulted,  owing  to  the  difference 
in  hardness  and  compreasibility  of  the  igneous  mass  and  the 
adjacent  sediments.     We  may  subdivide  this  extreinelr  varied 
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gronp  hj  certain  well-marked  types  of  straotare.  We  moBt 
premise,  however,  that  in  the  rocks  of  any  Bubdivisioo  the 
constitution  may  be  either  approximately  nniform  throughout, 
or  one  or  more  of  the  crystalline  constituents  may  be  developed 
on  a  larger  scale  than  the  rest.  In  the  latter  case  the  rock 
poBsessea  porphyritic  stmcture  in  addition  to  any  other  that  may 
be  present.  A  glassy  rock  with  fairly  conspicuous  disseminated 
crystals  is  similarly  said  to  be  porphyritic 

Prof.  Iddings  has  styled  the  obvious  porphyritic  crystals  of  a 
rook  phenocrystB.  Those  crystals  that  have  been  derived  from 
tome  other  rock,  amd  are  foreign  to  the  magma  in  which  they 
are  now  found,  are  called  by  Prof.  Sollas  xenocrystB. 

ColamnaT  structtm  is  also  common  to  igneous  rocks  of  what- 
ever grain.  Arising  as  a  phenomenon  of  contraction,  it  produces 
oolumns  in  the  selvages  of  volcanic  dykes ;  or  the  bold  examples 
at  the  base  of  massive  lava-flows,  so  conspicuous  ia  the  West  High- 
lands or  Anvergne  ;  or  the  yet  coarser  and  less  regular  oolumns 
to  be  seen  in  many  granitic  rocks.  The  columns,  large  or  small, 
though  typically  hexagonal,  are  often  trigonal,  rectangular,  or 
pentagonal,  or  have  even  seven  or  eight  snrjaces  of  contraction. 

The  Bpheroidal  BtroctnTe,  in  which  the  rock  breaks  up  into 
roughly  or  regularly  concentric  coats,  though  often  developed  by 
mere  weathering  and  exfoliation  of  the  siirfisces  of  jointed  blocks 
or  boulders,*  is  typically  due  to  curved  surfaces  of  contraction. 
Its  coarser  type  may  be  seen  in  granite,  and  its  most  delicate 
type  as  the  perlitic  structure  of  glassy  rocks.  The  "pillow- 
Btracture"  of  some  basic  rocks  is  a  variety  of  the  spheroidal, 
arising  probably  during  movement  of  the  lava.  The  pillow-like 
masses,  fitting  into  one  another,  are  often  more  glassy  in  their 
outer  layers,  ^ee  Quart.  Jowm.  Geol.  Soc,  voL  xlvi.,  p.  312, 
and  Oet^gical  survey  memoir  on  "  Silurian  Rocks,"  vol.  i,,  pp. 
86  and  131,  and  plates  I.  and  IT.) 

Smsy  Btrnctiire  ("  miarolitio  "  structure)  may  also  occur  in  all 
types  of  igneous  rooks,  when  crystals,  often  of  great  beauty,  are 
developed  on  the  walls  of  cavities  in  the  masa 

In  bandsd  Stnictnre,  the  crystals,  or  masses  of  differing  com- 
position, are  carried  out  by  flow  into  separate  bands.  This  ia 
most  commonly  seen  in  glassy  rocks,  where  the  spherulites  and 
crystallites  are  commonly  arranged  in  bands. 

Sub-Orotip  l.—Qlaaty  Rock*. 
To  the  eye,  and  even  to  the  lens,  some  igneous  rocks  appear 
*  Per  OSMS  on  a  large  Male,  aee  Bnnner,  "  Deoomposltion  of  Books  in 
Braail,"  BvO,  ChU.  Son.  q/  Ameriea,  toL  vii.  (1696),  p.  277. 
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oompletelj  glaasy.  They  are  liable  to  be  traversed  bj  minute 
joints,  and  oooaaionallj  the  little  blocks  into  which  the  rook  is 
divided  are  agtun  broken  up  daring  contraction  by  beautiful 
onrred  rifle,  giving  rise  to  the  perUtic  stractnre.  Such  rocks 
were  called  "  Perlstein "  early  in  this  oentnry,  since  the  elasa 
becomes  divided  into  little  globea,  which  have,  on  account  of  the 
flaws,  a  naoreous  or  pearly  lustre.  On  the  smooth  sur&oe  of 
masbergointa  cutting  across  the  rock,  the  structure  reveals  itself 
to  the  fens  as  a  ssries  of  fine  lines  curving  like  the  fironds  of  an 
opening  fern.  These  are  often,  as  in  many  of  the  beautiful 
Tertiary  examples  irom  Hungary,  marked  out  by  light  yellow  or 
browmsh  lines  of  iron  oxide,  the  result  of  incipient  decomposi- 
tion.    (See  fig.  42.) 

Spherolitlc  Stmctnre. — This  arises  when  the  orystalliaing 
material  separates  out  from  the  glass  in  globular  aggregationa, 
which  vary  from  a.  millimetre  to  6  or  6  cm.  in  diameter,  and  may 
even  reach  the  dimensions  of  1  metre.  A  radial  stmcture  is  often 
•een  in  the  apherulites,  and  sometiiues  they  are  built  up  of 
concentric  coats.  At  other  times,  particularly  in  large  examples, 
the  centre  is  hollow,  or  has  become  filled  with  chalcedony  or 
calcite  during  alteration  of  thu  rook.  Except  in  highly  altered 
cases,  the  apherulites  are  easily  distinguished  from  the  glass,  even 
when  little  difierenoe  oan  be  detected  under  the  microscope. 
They  are  lighter  and  commonly  browner  in  colour,  and  sometimes 
become  easily  detached  from  the  matrix.  In  highly  ailicated 
rocks,  they  are  more  easily  decomposed  than  the  surrounding 
glass,  becoming  occasionally  soft  and  powdery  while  the  matrix 
remains  fresh  and  lustrous. 

Llthophyse-ltmotDre. — A  comparatively  rare  form  of  sphem- 
litio  structure.  The  lithophyses  ("  stone-bladders ")  were  so 
named  by  von  Richtbofen*  from  the  supposition  tiiat  their 
hollows  were  caused  by  the  expansion  of  vapours  in  the  interior. 
The  lithophyse  looks  like  a  large  spherulite,  the  concentric  coats 
of  which  are  separated  from  one  another  by  interspaces,  in  which 
minute  crystals  have  commonly  been  developed.  In  older  ex- 
amples, these  hollows  have  been  filled  up,  as  in  the  case  of  the 
large  altered  spherulites  already  referred  to,  so  that  the  litho* 
physe  consists  of  alternating  shells  of  ordinary  lithoidol  spherulitic 
matter  and  qiuuts,  ohalcedony  or  calcite.  Beautiful  drawings  of 
the  lithophyses  of  the  Yellowstone  Park  accompany  Mr,  Iddings's 
paper  on  Obaidi&n  0119"  in  the  Seventh  Annual  Report  of  &»  U.S. 
Geological  Svffvey  (for  18S5^6),  p.  249. 
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Fldldal  Stractnra. — Though  commonlj'  aaaooiated  with  baading, 
this  atractnre  may  oocnr  in  a  simple  form  when,  owing  to  the 
motion  of  the  rook,  all  the  cryatallites  and  cT7BtaIs  are  carried 
along  with  their  longer  axea  parallel  to  one  another.  As  has 
often  been  pointed  out,  the  phenomena  produoed  hj  the  flow  of 
these  viacid  glassj  lavas  are  reprodnoed  in  the  structures  due  to 
presmre-metamorphism.  Like  Bur&oes  of  foliation,  both  the  bands 
And  lines  of  flow  show  fi^nent  inTolntions  and  contortions. 

Fiow-Breoda  Stmcture. — LsTas,  especially  glassy  ones,  are  often 
torn  to  pieces  by  differential  moTements  during  flow  ;  what  have 
been  called  "  agglomerate-Is vae  "  thus  arise,  with  a  brcooiated 
«tructure  that  causes  them  in  the  field  to  resemble  tnfib. 

PamleeoaB  and  Scoriaceoiu  Structures. — The  rock  may  be 
completely  glassy,  with  numerous  elongated  steam-Tesicles,  as  in 
pumice;  or  more  lithoidal  and  less  completely  vesicnlajr,  as  in 
«ommon  soorin.  Such  rocks  often  beoome  om^daloidal  (see 
p.  100). 

Sub-Group  X.— Lithoidal  Soek*. 

In  this  dirision  we  bring  blether  rooks  of  a  "stony"  ap- 
pearance, such  as  the  "  lidioidkl  lavas "  of  old  continental 
writers,  which  may  or  may  not  contain  some  glassy  matter. 
All  the  common  "porphyries,"  as  well  as  most  lavas,  will  fall 
here,  and  their  further  separation  most  be  left  to  microacopic 
examination. 

HemiaTStaffllW  Stmctnre. — The  matrix  is  compact  and  often 
Almost  vitreous  to  the  eye.  The  lens  will  sometimes  show 
sphemlites  aggr^ated  together,  and  banded  and  flnidal  struo- 
tures  may  appear.  Such  rooks,  consisting  of  a  close  admixture 
of  crysbulites,  orystala,  and  glass,  are  often  called  "  crypto- 
erystalline,"  and  include  those  with  the  "microlitic  stmoture' 
of  M.  LAvy. 

HierociTBtalline  Stnctnre.— The  individual  constituents  be- 
come fairly  distinct  with  the  lens,  though  very  possibly  not 
speoifioally  determinable  by  this  means ;  the  microscope  reveals 
so  glass.  The  individual  oiystals  may  be  mere  rounded  granules 
("  microgranular,"  see  later),  or  "  allotriomorphio  "  (t.e.,  bounded 
where  they  oome  into  contact  with  their  neighbours),  or  "idio- 
morphic"  (exhibiting  their  proper  outlines).  When  there  is  a 
general  tendency  to  idiomorphism  in  the  first  formed  gniat, 
while  quarts  has  developed  out  last  and  has  moulded  itself 
«llotriomorphioally  on  the  felspars,  &c,  that  have  preceded  it,  we 
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have  the  "microgranitic"  structure  of  L6vy»  When,  on  the 
other  hand,  the  quartz  of  this  last  period  of  cnnBoUilation  has 
also  a  tendency  to  form  idiomorphio  cristate,  M.  lAvj  stylea 
the  Btnicture  "  miorogranulitic."  The  uae  of  a  structural  term 
depending  on  the  mineralo  present  inust,  however,  of  necessitj 
be  somewhat  limited. 

Sooriaceons  Strncttire  ocean  commonl;  in  the  rochs  if 
this  aub-group,  and  gives  rise,  when  the  oavitiefi  are  filled 
with  alteratioD-prodacte,  to  the  easily  recognised  omygdaloidal 
Btmctnre.  The  orystallised  secondary  minerals  forming  these 
ovoid  groups  or  "  amygdales  "  should  be  extracted  and  examined 
independently.  Sometimes  the  apparently  solid  amygdale  is  a 
mere  hollow  shell,  which  has  checked  tiirther  infiltration  as  lb 
developed  upon  the  walla  of  the  cavity. 


Sub-Grovp  3. — DUUnctly  HoJocrystallint  Roeka, 

These  show  throughout  a  crystalline  texture,  attaining  some- 
times a  great  degree  of  coacseneas,  with  crystals  10  or  15  cm. 
long. 

Qranltlc  Stmotnre.^This  repeats  the  micrograuitic  on  a  bold 
Hcate,  and  there  is  thos  the  same  intermingling  of  forms  tending 
to  show  orystal-ontlines  and  of  purely  allotriomorphic  grains. 
The  term  has  been  used  by  Livy  for  both  acid  and  basic  rooks ;. 
but  in  the  latter  series  he  generally  prefers  "grenne"  for 
"granitique." 

Granular  Stmctare. — M.  L^vy,  employing  "grannlite'  in  a. 
limited  Beuse,t  nses  the  name  "  granulitic  stmctare'  for  a  fine- 
grained aggregation  of  well  individualised  and  even  idiomorphio 
crystals,  quartz  being  present  as  an  essential. 

The  metamorphosed  rocks  commonly  known  as  grannlit«a 
are  of  variona  composition,  and  contain  little  idiomorphic  matter  ; 
but  it  is  a  question  if  we  may  employ  "  granulitic  "  in  any  sense 
not  determined  by  tfae  author  of  the  term.  A  large  number  of 
rocks,  both  of  igneous  and  metamorphic  origin,  are  built  up  of 
grannies  of  similar  size  and  partially  rounded  outline,  as  if  move- 
ment had  prevented  the  growth  of  well-developpH  forma  during 

*  For  XAfj^t  notn*>ncl&tura  flee  "  Divora  moiles  de  Btrpctnre  dtH  roc^QV 
tmptivee  utudiAea  >n  mioroaoope. "  Am.  da  Mina,  tAt.  7,  t.  viiL  {\Ali), 
n.  337.  Alio  Struelura  tt  UlatiiSratim  dtt  Rochu  trvptiva,  Foria 
(Baudry),  1889. 

t  Aj  on  ernptiTe  rook  of  the  &cid  wrieB ;  BttU.  Soe.  gtot  lU  Fraaun,  Sine. 
»tt.,  t  iL  am),  p  ISO. 
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conaoIicUtioa.  For  thia  interesting  atruatare,  which  one  is 
tempted  to  call  "  grtuialitic,"  we  shall  here  use  the  somewhat 
TEigae  term  "granular,"  or  mlcrDgrannlar  when  neceaaary 
Oommool^,  indeed,  the  mioroacope  ia  required  for  its  correct 
Appreciation  (aee  fig.  28);  but  the  abaence  of  well-developed 
forma,  such  aa  priams  of  felspar  or  pyroxene,  is  notioeable  with 
«  lens  on  the  surface  of  the  rock  itself. 

Optaltic  Stmctore. — Often  with  the  eje  the  crystala  of  one 
constitaent  will  be  seen  to  have  developed  fi-eelj,  while  another 
cooatitnent  haa  aettled  down  in  large  crystals  round  them,  so 
that  the  interspaces  of  the  former  are  filled  over  oonsiderable 
areas  by  material  having  parallel  cleavage-anrfacea  or  orysW- 
facea.  On  turning  the  rock-specimen  in  the  hand,  the  light  will 
glanoe  from  some  such  aurfaoe  and  show  the  real  continuity  of 
weaa  that  appear  diatinct  from  one  another  on  the  broken 
aurface  of  the  rock.  This  atructnre  derivea  its  name  from  its 
occurrence  in  the  dolerites  and  gabbros  of  the  Pyrenees,  which 
were  called  "ophites"  by  I>e  PalasNon.  It  is,  however,  extremely 
common  in  the  dolerites  and  diabaaea  of  all  countries.  Prof  Q, 
H.  Williama  (Joum.  of  Geol.,  vol.  i.,  p.  176)  has  used  the  term 
"poikilitic"  for  what  seems  practically  the  same  structure, 
applying  it  particularly  to  oases  where  the  enclosing  or 
"  ophitio "  miner&l  is  felspar.  '  The  appearance  known  as 
"lustre-mottling"  arises  when  the  included  crystals  are  small 
in  proportiou  to  the  cleavuge-aurfaces  of  the  surrounding  and 
subsequently-developed  mineral.  "Lustre-mottling"  is  common 
in  the  Peridotiles-     (See  fig.  39,  and  index.) 

Fegmatitlo  or  QrOiphio  StniotTire. — Two  constituents,  most 
eommnnly  quartz  and  felspar,  have  developed  aimultaneoualy 
in  large  crystals  mutually  iulergrown.  The  felspar  being 
predominant,  the  quarts  appears  as  book-shaped  and  irregular 
forms  apparently  disconnected  from  one  another.  The  cleavage- 
surfaces  of  the  felspar  thus  give  the  effect  of  "  lustre-mottling ; " 
but  the  quartz,  when  examined  microscopically,  is  found  also  to 
be  optically  continuous  over  considerable  areas'  of  the  rock. 
The  structure  thus  resembles  that  which  would  be  produced 
if  two  sponges  were  to  grow  up  simultaneonsly,  the  one  filling 
ftll  the  hollows  and  ramifying  passages  left  by  the  mode  of 
growth  of  the  other.  Graphic  granite  provide*  the  best  and 
almost  only  type.     (Bee  fig.  26.) 

The  same  structure  when  minute  is  styled  micropegnuitttlo. 
Hioropegmatitic  intergrowths  are  often  grouped  in  delicate 
globnlai'  forms  around  porphyritic  crystals  of  quarts  or  felspar. 
These  micropegmatittc  structures  commonly  require  the  micro- 
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soope  for  their  detection,  and  have  been  appropiiately  styled 
"  micrographic  "  by  Barker,  and  also  "granophyrio"  by  Bosen- 
basoh.  The  term  "granophyre"  wax,  however,  naed  by  it» 
inventor,  Vogelsang,  in  a  sense  that  included  all  tnioro- 
crystalline  igneous  rocks. 

Orbicular  Stmoture.— A  r&re  stmctore  in  whiah  the  crystals 
aru  grouped  bo  as  to  form  spheroidal  aggregates,  with  or  without 
radial  or  ooncentric  arrangement.  A  fine  ezaniple  is  the  orbicalar 
diorite  ("  Corsite  ")  of  Corsica.  Tbis  structure  may  be  regarded, 
witb  Tt^lsang,  aa  the  highest  development  of  the  Bphemlitio. 

Flnidal  Gneigslc  Structure. — The  banded  or  foliated  stmctnr» 
of  many  holocrystalliue  rocks  arises  in  some  cases  during  their 
original  flow,  and  may  be  designated  as  above,  to  distingnish  it 
from  &e  metamorphic  gneissic  structure.  The  smaller  con- 
stituents flow  round  "eyes"  formed  by  the  larger  ones;  aud 
sometimes  the  intrusion  of  a  non-homogeneous  magma  pro- 
duces a  banded  gneissio  structure  on  a  handsome  scale  (see,  for 
instance,  Geikie,  Ane.  VoUaiwet  of  Great  Britain,  vol.  ii.,  figs. 
336  and  337).  Tn  many  other  cases,  a.  granitoid  rock  intrudes 
iu  thin  sheets  along  the  bedding-planes  of  a  ihnle,  or  nlong  the 
foliation-planes  of  a  schist,  and  its  fluidal  gneissic  structure  is 
due  to  the  laminie  of  foreign  matter  carried  off  by  it. 
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CHAPTER   XTL 

BOMB   PHYSICAL  CHARACTEKS  OF  ROCKS. 

I.  Sfkoific  Gkavitt. — As  will  be  seen  when  Tsrioas  rook-tjpfas 
are  examined  in  detail,  the  specific  gravity  is  often  &  good  guide 
to  ^emical  oonstitntaon.  The  speoimen  must  be  selected  with 
the  following  precantions  : — 

1.  It  mnst  be  representative  of  the  maas  under  examination, 
ftud  sufficieatljr  large  to  include  all  the  ooDBtitnenta  in  theii 
correct  areraga  proportions. 

2.  It  moat  be  free  ficom  flaws  and  cavitiea. 

3.  It  must  be  unwsathered,  except  in  certain  special  investi- 

gfttioQS. 

The  general  methods  of  detormining  specific  gravity  are  detailed 
apon  pp.  22  to  27. 

To  obBerre  the  first  preoantiou,  it  ia  often  Qecessary,  and,  indeed, 
•afer,  to  use  Walker's  rather  than  the  refined  chemical  balance, 
which  will  not  weigh  a  specimen  of  more  than  100  grammes, 
^e  method  devised  by  Mohr  for  measuring  the  displaoed  water 
is  highly  satisfitotory  in  dealipg  with  crystalline  rocks  of  coarse 
Ufrain  and  any  specimen  which  it  is  inadvisable  to  redaoe  in  size. 
The  diBplocement-apparataB  consists  in  simple  form  of  an  inverted 
glasi  bell-jar  furnished  below  with  an  iudia^rabber  tube  and  clip 
and  supported  on  a  stand.  The  water  placed  in  the  vessel  can 
be  thus  ran  off  from  below,  aocnracy  being  ensured  by  using  the 
clip  rather  than  a  tap,  and  by  letting  the  tube  terminate  in  a 
jet  formed  of  glass  tubing.  A  horizontal  wooden  bar  bearing  a 
needle  is  laid  across  the  top  of  the  vessel,  the  needle  projecting 
about  3  or  1  cm.  downwards.  To  ensure  constancy  of  position, 
the  points  where  the  bar  habitually  reeta  on  the  glass  rim  should 
be  marked  with  a  file  or  by  gnmmed  slips  of  paper. 

The  vessd  is  filled  with  water;  the  end  of  the  needle  is  lightly 
greased,  and  allowed  to  project  into  the  liqnid.  Looking  np 
from  below  at  the  bright  totally  reflecting  sur&ce  of  the  water, 
the  cup  is  released,  and  the  water  is  allowed  to  run  off  until  the 
oeedle-point  just  disappears  from  view.  It  now  exactly  touches 
the  upper  snifaoe  of  Uie  water  and  gives  ns  a  standard  to  which 
to  r^r.  The  specimen,  which  has  been  weighed  upon  a  stroni; 
hot  aoourate  b^anoe,  is  then  lowered  by  a  fine  thread  or  wire 
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into  the  vessel,  the  water  rising  higher  hj  the  addition  of  it« 
bulk.  When  all  bubbles  have  disappeared,  a  graduated  measur- 
ing-glaas  is  taken,  the  divisions  of  which  correspond  to  the  unita 
of  weight  used  in  the  determination  of  the  weight  in  air.  Thus, 
if  grammes  were  used,  the  glass  will  be  graduated  in  cubio 
centimetres.  Into  this  glass  the  water  is  run  off  until  the  needle- 
point, observed  from  below  as  before,  again  exactly  touches  the 
surface  of  the  water.  The  amount  run  off  givea  the  bulk  ot 
water  {d)  displaced. 

_       weight  in  air 
G J 

To  observe  the  second  precaution,  some  rooks,  snob  aa  poroua 
sediments  or  pumiceons  lavas,  must  be  reduced  to  a  powder  and 
determined  with  the  specific  gravity  bottle,  the  finest  dust  being 
sifted  or  blown  off  to  avoid  choking  of  the  small  tube  in  the 
stopper. 

To  observe  the  third  precaution,  it  ia  often  well  to  pick  up 
clean  chips  from  specimena  trimmed  in  the  field,  which,  selected 
f^m  a  large  number,  will  serve  both  for  the  determination  of 
specific  gravity  and  the  making  of  microscopic  sections. 

Since  the  range  of  specific  gravity  in  rocks,  the  coals  being 
omitted,  rarely  exceeds  the  limits  2'2  to  3*4,  many  very  diverse 
rocks  have  the  same  specific  gravity,  and  the  results  are  not  of 
value  in  absolute  determination.  But  in  the  case  of  igneous 
rooks,  provided  that  speoimens  are  selected  and  examined  firom 
different  parte  of  an  exposure,'  an  excellent  idea  can  be  formed, 
from  (he  specific  gravity  alone,  of  the  silioa-perceatage  of  th9 
mass. 

II.  Ftjsibilitt. — ^Though  it  is  seldom  desirable,  on  account  of 
their  complexity,  to  treat  rocks  before  the  blowpipe  as  if  they 
were  simple  minerals,  yet  in  a  few  cases  the  determination  of  the 
fusibility  proves  of  service.  The  older  writers  relied,  indeed, 
more  upon  this  character  than  has  since  been  thought  desirable, 
and  the  nature  of  the  glasses  produced  was  closely  studied.  It 
IB  obvious  that  the  application  of  the  flame,  in  the  absence  of  an 
acid,  will  decide  between  a  soft  rock  composed  of  silicates  and  a 
limestone,  the  former  in  all  probability  fueing  to  a  glass  while 
the  latter  becomes  luminous  and  ommbling.  The  natural  glasses 
also  have  various  degrees  of  fusibility,  the  more  highly  siBoatcd 
fusing  with  greater  difficult;  than  the  basic  Thus  obsidian  fuses 
at  about  6  of  von  Kobell's  scale,  and  tachylyte  as  easily  as  2-5. 
Care  mast  be  exeroised,  however,  in  dealing  with  these  glasses 
that  the  splinters  used  do  not  present  unusually  thin  edges. 

.Jlc 
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Thfl  intereatisg  obaerratioiiB  of  Berger  and  of  Bendant  ehowed 
th&t  the  treatment  of  volcanic  glass  in  the  flame  of  a  blowpipe 
occasionally  reanlte  in  the  formation  of  a  )>umioe  as  fusion 
xndnallr  takes  place.  (Tram.  GeoL  Soc,  1816,  p.  191,  and 
Voyage  <m  Hongrie,  1822,  voL  iii,  p.  362.) 

lbs  volatile  macetiala  thus  liber«t«ti  swell  up  the  whole  glass, 
until  in  some  cases  it  almost  rivals  the  intumescence  of  a  borax 
bead.  Professor  Judd*  fonnd  that  the  obsidian  granules  (Maro- 
kamte)  of  Marekaafca,  m  Uibena,  ma;  be  oonverwd  into  a  pnmice 
of  eight  or  ten  times  their  ori^aal  balk ;  and  similar  results  aro 
obtunable  with  the  lavas  of  Krakatoa.  The  experiment  should 
be  repeated,  by  way  of  oomparison,  on  any  specimen  of  Tolcanio 

In  the  case  of  an  igneous  rock  that  has  undergone  alteration, 
Ute  fbsibiUtj  oon  be  cf  little  service,  since  a  very  small  admixture 
of  hydrous  minerals  such  as  zeolites  may  suffice  to  considerably 
increiise  the  fumHlity  of  the  mass. 

m.  Habdhbss. — This  important  property,  rendering  the  nse 
<i  the  knile  imper»uve  at  all  times,  hiu  beea  already  ceierrad 
to  on  p.  93. 
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A  irUHBia  of  ordinary  qualitative  teats  may  be  appUed  to  rocks, 
and  the  examination  with  aoida,  hot  or  cold,  is  naturally  of  great 
value  in  ihe  detection  of  carbonates. 

Pure  dolomites,  such  as  at  times  occur  among  crystalline 
masses,  will  effervesce  only  when  the  acid  is  heated;  but  magnesia 
oocora  in  many  limestones  in  which  the  acid  test  is  unaTaUmjfj. 
The  ordinary  dolomitio  limestones  (>has  etfervosoo  freely  in 
eold  acid,  and  the  magnesia  can  only  be  safely  determined 
by  precipitation  from  solution  by  hydrio  disodio  phosphate  in 
the  ordinary  way.  On  the  other  hand,  we  must  here  rppeat 
the  warning  that  a  rock  which  gives  no  effervescence  when 
touched  with  strong  cold  acid  may  yet  belong  to  the  group 

•  •■  On  Martkuiite."  Ck«L  Hag.,  1886,  p.  248  i  al»>.  "  The  Natwal  Hii- 
t«y  of  lAVS.,"  9«d.,  1888,  p.  6. 
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commonly  atj-led  limeatonea,  being  in  fact  »  dolomite ;  «nd  th» 
reaemblanoe,  except  in  fanrdneEa,  of  Bome  of  these  rocks  to  com- 
pact grey  gypBums  or  eren  qiiartzitea  maikea  it  neocBsary  t» 
emphasiae  tiiis  caution. 

It  is  coDBtantly  of  aervice  to  examine  the  compact  or  glassy 
gronndmsM  of  an  igneoua  rock  for  potflstittm,  by  the  method 
described  on  p.  65,  vbioh  haa  the  advantage  of  giving  roughly 
quantitative  result*. 

The  treatment  of  a  rock  with  acid  is  frequently  important  m 
revealing  an  insoluble  residue,  which  should  alwaya  be  examined 
further.  The  division,  however,  of  every  rock  into  a  soluble 
and  insoluble  portion,  prior  to  analyais,  is  now  regarded  as  of 
little  value,  and  the  ordinary  plan  pursued  is  to  make  a  thorough 
fusion  of  a  weighed  quantity  of  the  powder  with  carbonate  of 

Eoteah  and  carbonate  of  soda.  The  powder  must  be  obtained  by 
reaking  up  little  fragments  of  the  rock  still  further  upon  an 
anvil.  An  enlarged  form  of  the  ateel  mortar  used  in  blowpipe 
analysis  (p.  40)  will  serve  well.  The  material  is  ground  and 
reground,  a  portion  at  a  time,  in  a  fair-sized  ^ate  mortar  until 
the  powder  is  practically  impalpable  between  the  fingers.  Too 
much  care  cannot  be  given  to  this  simple  preparation  of  the 
material  used  in  the  analysis,  since  imperfect  fusion  may  result 
if  the  particles  are  not  sufficiently  fine,  and  the  silica  ultimately 
separated  will  contain  gritty  nndecomposed  matter.  Althouffh 
the  precautions  and  details  of  the  methods  employed  must  be 
left  to  chemical  works  and  to  personal  practice^  it  may  be 
of  service  to  remind  the  reader  of  the  successive  operationa 
performed  during  a  simple  rook-analysis,  snoh  as  would  sufGcn 
for  ordinary  determinative  purposes.  Naturally  the  list  of 
substances  that  might  be  looked  for  and  separately  estimated 
in  an  elaborate  analysis  of  material  from  the  earth's  crust  is 
as  long  as  that  of  the  known  chemical  elements ;  but  the 
proportions  in  which  the  below- mentioned  oxides  occur  are 
often  of  fundamental  geological  importance.  Unless,  how- 
ever, such  substances  as  manganese,  titanium,  barium,  &c., 
are  separately  determined,  the  analysis  must  be  regarded 
as  only  approximate,  and  as  serving  for  claaaificatory  pur- 
poses rather  than  for  refined  discussion.  This  is  clear  from  the 
detailed  papers  by  Messrs.  Clarke  and  Hillebrand,  which  should 
be  in  the  hands  of  all  who  would  analyse  silicates  (Butt.  ITS.  Gaol. 
8vrv*y,  Nos.  167  and,  especially,  176,  price  16  o.  The  latter  is 
a  revised  edition  by  Hillebrand  in  1900  of  No.  148,  issued  three 
years  previously). 
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SvlfHART   OP   DlCTBRHtNATITX  OBBHIOAL   AHALTSIS  OF   A    SOCE. 

1.  Lobs  on  Ignition. — D17  the  powdered  rock  in  kh  air-batb 
at  110*  C. ;  transfer  about  1  gnumne  to  a  platinnm  omcible,  and 
determine  the  weight  of  the  quantity  thus  used.  Then  ignite 
strongly  over  a  gas  blowpipe,  oool  in  a  desiccator,  and  weigh 
again.  Ignite  a  second  time  and  weigh,  repeating  this  until  the 
weight  is  constant.  The  diSerenoe  thus  found  is  due  to  loss  on 
ignition,  whioh  generally  represents  water.  Where  it  is  necessary 
to  determine  carbon  dioxide,  a  sample  of  the  powder  mnst  be 
decomposed  bj  acid  in  an  apparatus  in  which  either  the  gas 
evolved  is  allowed  to  esoiipe  and  is  determined  by  loos,  or  in 
which  it  is  oollcoted  in  an  absorption-tnbe  by  soda-lime  and 
weighed.    (See  Hillebrand,  op.  oit.,  p.  101.) 

3.  Silica. — Prepare  afusion-mixture  by  minutely  mizinglSparts 
by  woight  of  potaasiam  carbonate  with  1 0  parts  sodium  carbonate. 
Add  to  the  ignited  powder  in  the  crucible,  or  to  a  ^sh  sample 
if  the  heating  has  caused  it  to  iuse  or  frit  together,  aboat  four 
times  its  weight  of  fusion- mixture,  mixing  carefully  and  very 
thoroughly  with  a  rod  or  platinum  spatula.  Fuse  at  first  over 
a  Bunsen-burner,  the  lid  of  the  crucible  being  kept  on,  and 
avoiding  too  great  heat  at  the  outset.  Then  apply  the  blow- 
pipe until  the  whole  mass  mna  fraely  together  and  ebullition 
ceases.  The  flame  should  be  directed  obliquely,  and  should  not 
envelope  the  whole  crucible. 

Remove  and  stand  the  crucible  on  a  cool  surface,  such  as  an 
iron  plate,  so  that  the  fused  mass  may  crack  sway  from  the  wall 
of  the  crucible.  Place  in  a  porcelain  or  platmum  dish  with 
hydrochloric  acid  and  water,  covering  quickly  with  a  clock-glass 
to  avoid  loss  by  effervescence  of  the  carbonates.  Worm,  and 
allow  to  stand  until  decomposition  is  complete.  Evaporate  to 
approximate  dryness  in  a  water-bath  (Clarlca  and  BUltbrand). 
Moisten  again  with  strong  hydrochloric  acid,  add  water,  and 
warm.  The  silioa  should  now  float  about  lightly  in  the  liquid 
when  stirred,  while  all  the  bases  are  in  solution.  Filter  o£F  the 
silica :  evaporate  the  filtrate,  treat  as  before,  and  add  the  small 
quantity  of  silica  thus  obtained  to  that  already  in  the  filter. 
Ignite  for  about  twenty  minutes,  and  weigh.  £F  gritty  matter 
occars  amid  the  silica,  me  fusion  has  not  been  satisfactory,  and 
the  process  must  be  begun  again. 

3.  AloinlBB  and  Term  Oxide.— Add  to  the  filtrate  a  few  drops 
of  nitnc  add,  in  order  to  eusare  the  eonversion  of  fiarroas  to 
ferrie  salts.     Then  add  ammonium  chloride,  and  ammonia  in 
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very  alight  exceu,  aod  boil.  Filter  off  the  preoipitate  of  alniuinft 
And  ferric  oxide,  obtaining  the  filtrate  a.  When  thoroaghly 
washed,  re-diaaolve  the  precipitate  into  another  Teasel,  and 
divide  the  aubsidiaiy  filtrate  thna  obtained  into  two  measored 
^oaatities.  Thus  it  may  be  made  up  to  half  a  litre  hy  dilution 
in  a  marked  flask,  and  250  oc  may  be  drawn  off  with  a  pipette. 
In  this  portion  precipitate  ainmina  and  ferric  oxide  as  before ; 
filter,  ignite,  and  weigh.  Uraw  off  100  oo.  from  the  portion 
temaining  in  the  flaak,  and  determine  the  iron  In  this  vola- 
metrically  by  means  of  biohromate  or  permanganate  of  potash. 
Make  a  check-determination  by  drawing  off  another  60  or 
100  ca  Divide  the  weight  of  iron  found  bj  -7,  which  will  give 
the  weight  of  ferric  oxide.  Deduct  this  from  the  joint  oxides^ 
the  alumina  being  thus  found  by  difference.  Ferrous  and  ferrio 
oxidea  mnet  he  separately  deiermmed  in  all  exact  analysea. 
(See  especially  Hillebrand,  op.  cU.,  p.  88.) 

4.  Luae. — To  the  original  tiltrateo,  which  must  containammonia 
in  excess,  add  excess  of  ammonium  oxalate.  Allow  to  stand  for 
12  hours.  Filter,  and  ignite  etrongly ;  weigh,  and  repett  till  the 
weight  is  constant.     Tbe  precipitate  is  thus  converted  into  limo. 

fi.  HftgoeBla. — Ammonia  being  in  excess,  add  hydric  disodio 
phosphate  t«  the  filtrate,  stirring  very  carefully  with  a  rod,  since 
the  precipitate  clings  to  any  parte  of  the  beaker  that  may  have 
been  in  the  least  degree  abraded  by  touching.  Stand  for  12  honra 
And  filter  cold.  Wash  the  precipitate  with  a  mixture  of  1  part 
-ammonia  and  3  water,  and  ignite,  the  filter  being  burnt  sepai^ 
■ately  in  the  lid  of  tike  crucible.  Where  a  large  quantity  of 
magnesia  is  expected,  a  porcelain  crucible  shonld  be  used,  to 
avoid  injury  to  the  platinum.  Tba  ignited  precipitate  is  the 
pyrophosphate  (Mgi  F,  0,).  To  estimate  as  magnesia,  mnltii^y 
by  -36036. 

6.  Potash  and  Soda. — These  alkalies  are  best  determined  by 
the  Lawrence- Smith  method.  Mix  intimately  1  part  of  the 
powdered  rock  (about  half  a  gramme)  with  one  part  of  ammonium 
chloride  and  8  parte  of  pure  calcium  oarbonate.  Heat  for  about  an 
hour  in  a  deep  platinum  cmoible,  which  is  best  suppiorted  almost 
horizontally  over  a  flat-aided  Bunsen-flaiqe,  and  under  a  conical 
iron  shield.  The  flame  must  be  applied  very  gradually  at  first 
to  avoid  rapid  volatilisation  of  the  ammonium  chloride,  and  the 
temperature  should  at  no  time  rise  above  dull  redness,  l^e 
decomposition  is  effected  without  complete  ^aion.  Dissolve  out 
the  fritted  mass  in  water  in  a  dish  and  filter.  The  filtrate 
contains  the  metals  of  the  alkalies  in  the  form  of  chlorides,  with 
aome  portion  of  the  materials  used  in  decomposition. 
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Precipitate  the  lime  jrom  the  filtrate  by  ammonium  carbonate  ^ 
filter  and  evaporate  down,  leatiug  tbe  tiitrate  as  ii^  becomes  more 
oOQCentrated  with  a  drop  or  two  of  tunmonlTim  carbonate  eolation. 
If  lime  i>  still  present,  precipitate  it  and  filter  again. 

Evaporate  to  dryness  in  a  small  dish,  and  gently  drive  off  by 
fiirtber  heating  tlie  ammoninm  ohloride  and  ammonium  carbonate. 
A  dark  stain  may  appear,  which  is  dne  to  impurities  in  the 
aminoniam  carbonate,  and  may  be  neglected.  ExcessiTe  heat 
must  be  avoided,  lest  a  portion  of  the  chlorides  of  the  alkali- 
metals  should  be  lost.  Weigh  the  joint  chlorides  in  the  dish 
while  the  latter  is  still  slightly  warm. 

Dissolve  up  in  water,  add  platinic  chloride,  and  evaporate 
almost  to  dr^esa  on  a  water-bath.  Add  alcohol,  and  allow  to 
stand  for  some  honrs,  the  precipitate  of  potaisinm  platinio- 
diloride  being  insolnble  in  alcohol.  Filter  on  to  a  weighed 
filter,  wash  with  alcohol,  and  dry  at  100°.  Weigh  with  the 
filter  without  ignition. 

To  calculate  this  precipitate  as  potash,  multiply  by  '19272. 
Divide  this  result  by  -6317^  which  gives  the  weight  of  the 
potassium  chloride  in  the  joint  ohlorides.  Deduct  this  from  the 
joint  weight  and  multiply  the  remainder  I^  '63022.  This  gives, 
the  weight  of  soda. 
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CHAPTEB  XIV. 

OF  THK  COHSTlTUaim   09   BOCE8. 

In  the  case  of  a  coarBe-grained  rook,  clearly  oompoaed  of  hetero- 
geneous materials,  it  u  not  difficult  to  break  out  with  tlie 
hammer  or  the  pliers  fragments  or  crystals  of  indiTidaal  con- 
stituents, irhich  can  then  be  submitted  to  special  tests.  It  is, 
however,  highly  desirable  that  a  microscopic  sectiou  should  have 
been  previously  prepared,  in  order  that  the  purity  of  the  crystals 
wliich  are  to  be  examiaed,  and  their  freedom  from  enclosores,  may 
be  satis&atorily  asoertained.  This  precaution  is  especially  neces- 
sary when  ohemioal  or  microchemicu  testa  are  about  to  be  applied. 
Where  the  selected  grains  are  small  and  translucent,  examination 
of  them  when  mounted  in  water  under  the  mioroscope  will  often 
«88ure  the  observer  of  their  purity  or  the  reverse. 

Uany  sedimentary  rooks,  such  as  sandstones,  can  be  broken  up 
with  the  pliers  or  even  with  the  fingers,  and  the  grains  spread 
out  on  paper  for  identification.  Other  rocks,  such  as  clays,  may 
be  broken  up  after  prolonged  treatment  in  water,  the  materials 
-of  varying  fineness  being  successively  waahed  off  into  separate 
vessels,  and  an  often  valuable  residue  of  larger  grains,  small 
ibsails,  &0.,  being  finally  left  behind. 

When  a  rook  is,  however,  compact  and  coherent,  its  ooa- 
Btituents  oan  be  isolated  only  with  difficulty ;  and  at  the 
beginning  of  the  present  century  a  large  number  of  muses  were 
classed  as  homogeneous,  or  even  as  mineral  species,  which  were 
in  reality  fine-grained  rocks  in  which  it  seemed  impossible  to 
determine  the  constituents.  To  the  French  geologist  Oordier 
we  owe  a  series  of  researches  that  shed  a  vast  amount  of  light  on 
the  constitution  of  the  igneous  varieties  of  such  rocka  Bince 
the  task  he  set  himself  was  so  eminently  one  of  mineral- isolation, 
a  summary  of  hia  work  may  be  given  appropriately  here,  before 
we  discuss  the  modern  methods  by  which  such  investigations 
have  been  iacilitated.  For  if  modem  petrology  appears  to 
owe  little  to  the  men  of  1800,  it  is  not  because  these  early 
researches  were  less  accurate  or  in  any  way  less  laborious  than 
our  own,  but  because  they  were  for  a  time  forgotten  by  geolo- 
gisis  amid  the  excitement  of  palaeontological  discovery. 

In  the  autumn  of  1815,  P.  Louis  Cordier  read  to  the  Academy 
of  Sciences  at  Paris  his  Mimoire  iw  tea  avlattmeea  minhvlee  dUea 
en  mow*,  gui  entrant  dan*  la  oompotition  da  Soehea  VolcamqttM 
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<fe  tovt  le  ^et.*  Struck  with  the  probability  that  the  compact 
or  more  glauy  matrix  of  volcanic  rooks  conaisted  of  deter- 
minable mineral  anbetances,  bo  put  before  himaelf  the  following 
question : — "  Are  the  undetermined  volcanio  groundmassea 
mechanicallj  constdtuted,  and,  in  the  eront  of  it  being  possible 
to  determine  their  mechanical  constitution,  what  are  the 
mineralogioal  units  Uiat  compose  theml" 

After  many  unsatisfactoiy  experiments,  Oordier  had  recourae 
to  two  modes  of  discrimination,  the  microscope  and  blowpipo- 
examinHtion  after  the  method  practised  by  de  Sansaure.-f-  He 
considered  it  probable  that  the  particles  produced  on  the  breaking 
up  of  his  volcanic  grDundmasses  would  belong  to  the  common 
oryBtallised  minerals  that  occurred  in  coarser  spedmeue  of  such 
lookfl.  Henoe  he  began  by  redudng  well-known  minerals  to 
powder  by  pressure  under  a  pestle,  until  he  obtained  samples 
in  which  the  grains  were  from  06  to  '01  millimetre  in  diameter. 
He  then  eiamiaed  these  under  a  microsoope  magnifying  13  or  20 
diameters,  rotating  the  object-carrier  so  as  to  view  each  grain  in 
seTeral  positions  with  regard  to  the  light  fidling  on  it.  The 
cleamess  of  the  characters  displayed  by  the  variouB  minerals 
eame  to  him  as  a  welcome  surprise. 

Ho  examined  in  this  way  pyroxene,  felspar,  olivine,  titunic 
iron  (much  magnetite  was  probably  induded  by  him  under  this 
term),  amphibole,  mica,  leucite,  and  htematite.  He  also  tested 
the  hardness  of  the  grains,  and  their  fusibility  on  de  Sausaure's 
kyanite  splinter,  a&d  observed  on  the  lame  support  the  action 
of  one  mineral  upon  another,  placing  the  two  grains  under 
examination  in  contact  with  one  another  and  fnsing  them  in  the 
same  flame. 

Id  his  oomparisons  of  these  types  with  ^o  constituent 
granules  of  the  ground  masses,  he  felt  Utat  local  variations  most 
be  eliminated;  hence  he  was  careful  to  employ,  as  &r  as  possible, 
the  la^er  and  identifiable  crystals  of  a  rode  as  guides  in  the 
determination  of  the  particles  of  its  matrix.  We  now  know  that 
such  porphyritio  cryatala  are  apt  to  differ  very  widely  &om  thtise 
of  tiie  "second  oonsolidstion ;"  but  even  this  precaution  of 
Oordier  is  an  illustration  of  the  general  refinement  of  his  work. 

Under  the  head  of  volcanic  rocks  he  included  the  products  of 
active  volcanos,  of  denuded  cones,  and  of  ancient  centres  whioh 
had  been  covered  by  marine  deposits  of  the  remotest  age.  He 
powdsrad  up  these  rooks,  microcryatalline  or  glassy,  washed  the 

*  Jommii  da  Phfinqve,t.  Iixxiii  (ISIS),  pp.  18fi,  2tl9,  andSSZ.     AbatnMt 
bj  A.  Brongniart  in  lame  jonnul,  t  tixiii,  p.  361. 
tSee  p.  40  of  this  volame. 
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partioieB  so  ks  to  procure  SMuplea  of  suitable  fineness,  and  aab- 
mitted  them  to  the  same  tests  as  his  typical  mineral  series.  He- 
extraoted  the  opaque  black  granules  with  a  bar  magnet^*  and 
referred  them  to  bis  "fer  titan^,"  which  contained  only  a  Tory 
small  proportion  of  titanium,  and  which  corresponds  in  these- 
roeks  to  our  magnetite  and  titaniferous  iron  oxide.  Finding  a 
small  portion  of  the  opaqne  grains  not  thus  attracted  hj  Uie 
magnet,  he  compared  them  first  with  chromite  and  melanite,  and 
finally  claaaed  them  as  ilmenite.  His  preliminary  assumptiona 
were  tiow  fully  justified,  and  he  distinguixhed  as  the  constituents 
of  his  "p&tes  litholdes"  the  minerals  felspar,  pyroxene,  amphibole, 
mica,  "fer  tttan^,"  leuoite,  olivine,  and  hsBmatite.  He  also  put 
an  end  to  the  idea  that  amphibcle  rather  than  pyroxene  was  the 
dominant  black  silicate  in  basalt  and  in  the  allied  darkly 
coloured  rocks.  He  finally  divided  his  lithoidal  lavas  into 
"  teucostines,"  in  which  felspar  predominated,  and  "  basalts," 
wbich  fused  to  a  black  glass  tuid  in  whiob  pyroxene  was- 
abnndant. 

Cordier  then  compared  in  detail  the  graanlar  and  oftea 
schistose  rocks  known  as  petrosUex,  com^nne,  and  trap,  with  bis- 
ancient  and  modem  lavas,  and  concluded  that  the  two  groups 
had  nothing  in  common,  beyond  a  few  familiar  crysbulised 
minerals.  In  the  former  group  be  notes  as  distinctive  consti- 
tuents quarts,  diallage,  talc,  chlorite,  magnetite,  iron  pyrites,  and 
pyrrhotine. 

He  next  turned  his  attention  to  volcanic  Booria,  and  proved 
their  composite  oharaoter  with  similar  snccesa,  showing  that  the 
microscopic  crystals  in  them  were  often  embedded  in  a  glassy 
matrix.  Hia  researches  on  truly  vitreous  lavas  ought  similarly 
to  have  gone  &r  towards  a  rational  treatment  of  such  rocks ; 
many  glasses,  however,  have  been  regarded  as  minerals  rather 
than  mineral  aggregates  &om  the  middle  ages  to  the  present 
day.  Oorilier  traces  admirably  the  passage  from  the  compactest 
basalt  to  the  black  glass  (taohylyte)  for  which  he  reserves  the 
old  name  of  "  gallinace."  The  more  felspathio  glasses  that  fuaed. 
to  a  white  or  lightly  coloured  product  he  classes  in  distinction 
as  obsidian. 

After  an  elaborate  examination  of  the  altered  matrix  (wacke)- 
of  many  tnfib  and  amygdaloidal  lavas,  he  anms  up  practioally 
as  follows : — 

That  the  mineral   substances   styled   massive,   forming    the 

*  Menriui  de  Bellevne  alio  used  the  magnet,  sod  may  havo  determined 
hia  minerkli  partly   with   the  microsoope.       "  Hdmoire  mr  1<        '  ' 
tbiorMcapiqnca."    Jovm,  de  Pl^tigve,  t.  IL  (1800),  p.  442. 
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gronndmuB  of  rolc&nie  rocks,  &ro,  with  the  nrest  exoeptions, 
Mmposite  in  character. 

Tliat  their  oonBtitaents  are  microscopic  txystala  and  glass. 

That  the  orystals  belong  to  the  comiaon  species  above  given. 

That  the  vitreons  gronndmasses  probablj  contain  material 
the  fiirther  development  of  which  would  have  prodaoed  the 
litboidal  types. 

That  in  many  altered  volcanic  rooks  the  materials  are  held 
together  hy  foreign  matter  interposed  in  very  minute  particles. 

That  the  nxteen  types  of  rode  which  he  establishes  are  con- 
nected one  witfi  another  by  a  enffioieiitly  complete  series  of 
intermediate  types. 

That  the  volcanic  rocks  have  no  analogy  with  those  called 
peboailex  and  trsp. 

That  the  differences  alleged  to  exist  between  ancient  and 
modem  lavas  are  entirely  superficial,  and  consist  only  in  minnte 
modifications  of  texture ;  vacuoles  are  thus  always  present 
between  the  oonstitnents  of  modem  lavas,  while  in  the  older 
examples  they  have  become  rare  or  completely  absent  through 
infiltration. 

Although  Cnrdier  probably  exaggerated  the  points  of  difference 
between  some  truly  igneous  "  traps  "  and  his  volcanic  aeries,  yet 
his  general  conclnaions  were  in  the  highest  degree  philosophic ; 
and  it  is  indeed  pleasant  to  refer  to  his  classic  memoir  an  an  ex- 
ample of  what  may  be  done  in  determinative  geology  by  the  nnicm 
of  scientific  method  with  the  simplest  means.     (See  ^so  p.  132.) 

The  crashing  of  orystalline  rocks,  with  a  view  to  the  micro- 
■eopic  examination  or  isolation  of  their  constituents,  may  be 
peribrmed  between  folds  of  smooth  cloth  or  even  paper,  to  avoid 
the  intsodaotion  of  extraneoas  metallic  or  mineral  material ;  but 
a  hard  steel  anvil  aud  hammer  generally  Huffice. 

The  powder  of  the  rock,  whic£  must  be  fairly  ooarse,  is  passeil 
through  sieves  of  various  mesh,  until  a  sample  ia  procured,  as 
ooarse  as  possible,  in  which  each  grain  ooasists  of  ooly  one 
mineral  species.  For  this  purpose  the  sieves  used  in  ohemic&l 
laboratories  are  convenient,  several  fitting  one  above  the  other ; 
the  crushed  mineral  is  placed  in  the  topmost,  which  has  the 
widest  mesh,  and,  the  whole  being  shaken,  each  sieve  selects  a 
snmple  increasing  in  fineness  till  we  reach  the  lowest  pan. 

The  objection  to  the  use  of  sieves  lies  in  the  &ct  that  some  of 
the  constituents  may  be  much  more  friable  than  others,  and 
hence  for  quantitative  purposes  no  one  sample  may  be  satis- 
factory. The  contents  of  each  sieve  must  be  examined  in  order 
to  determine  if  any  mineral  has  become  eliminated  I'rom  this  cauae. 
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The  Minple,  when  lelMted  kfter  examination  with  the  lens, 
may  be  picked  over  by  the  aid  of  that  inetruments  or  upon  tiie 
stage  of  a  microsoope  with  a  low  power.  A.  fine  bnuh  ahonld 
be  moistened  with  water  (Dr.  Sorby  recommends  gljoerine)  and 
brought  in  contact  with  the  grain  to  be  picked  ouL  It  is  then 
dipped  just  below  the  surface  of  distilled  water  in  a  watch-glaas, 
and  the  grain  is  at  once  detached  and  sinks. 

In  this  way,  by  care  and  ptttience,  a  quantity  of  any  one 
constituent  can  be  accnmulated,  sufficient  even  for  a  ohemioal 
analysis.  Bat  for  merely  qualitative  tests  a  very  few  grains 
will  be  sufficient,  and  ezoellent  material  can  be  quickly  obtained 
to  which  miorochemical  regents  may  be  applied. 

The  removal  of  light  material,  such  as  day, 
fine  dust,  Ac,  firom  heavier  or  coarser  con- 
stituents may  be  performed  by  washing,  as  in 
an  apparatus  described  by  M.  Thonlet  *  (fig. 
12).  A  large  tube,  a,  terminating  in  a  tap 
below,  is  fitted  with  a  rubber  oork  throng 
which  a  finer  tube,  b,  passes.  A  tube,  o, 
opens  through  the  side  of  a.  The  powdered 
material  is  placed  in  a  and  water  is  intro- 
duced through  b.  This  rises  in  a  and  flowa 
over  at  c,  carrying  with  it,  if  the  operatioa  is 
sufficiently  prolonged,  all  the  light  substances 
thus  washed  out  of  the  material 

In  separating  minerals  of  different  specific 
gravities,  water  is  introduced  at  e  and  flown 
ont  up  b  when  a  has  become  fiilL  This  cur- 
rent keeps  the  powder  well  disturbed,  sod  by 
regulating  it  none  of  the  mat-erial  escapes  up 
b.  Oheck  the  flow  gradually,  and  the  grains 
of  diSereat  characters  will  descend  sncces- 
dvely,  forming  distinct  layers  at  the  bottom. 
These  can  be  drawn  off  by  the  tap,  and  a  &irly 
pure  amount  of  any  particular  constituent 
can  be  collected.  Plate-like  minerals,  such 
Fig.  13.  as   mica,    will   probably  appear  among  tha 

upper  layers.  It  is  clear  that  simple  forms 
of  such  an  apparatus  can  be  oonstmoted  with  glass  tubes,  oorks, 
rubber  tubing,  and  a  clip  to  act  as  a  stop-cock. 

Prof.  Derby,  in  I89I,  showed  how  an  ordinary  miner's  pan 
will  suffice  to  separate  a  good  quantity  of  the  heavier  minerala 
from  a  powdered  rock.  Dr.  G.  P.  Grimsley  ("Qr&nites  of  Cecil 
*  "  SdpsratiaD  mtcinlqna."    BitiL  Sec  Mm.  lU  Awws  t.  fL  <1879],  p.  S2. 
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Co.,  Hd.,"  Joum.  Cineitmati  Soc.  Nat.  HUl.,  1894)  ased  a  pan 
12  inches  in  diameter  for  his  work  on  granite  Boils.  The  powder 
is  well  stirred  with  water,  and  the  earthy  portion  ponred  off; 
the  gronuUr  residue  is  stirred  with  more  water,  "by  a  combina- 
tion of  a  spherical  and  elliptical  movement  of  the  pan."  Then, 
bj  a  qoiok  side-movement,  the  water  ia  thrown  off,  carry  log  the 
lighter  minerals  and  the  floating  mica.  Bepeat  nntU  only  a 
small  residue  is  left,  which  contains  the  heavy  minerals. 

The  various  methods  of  decantation  and  separation  by  washing 
in  moving  water,  which  have  been  adopted  for  the  mecbaniciS 
Mialysifl  of  soils,  are  well  discussed  by  Wiley  (iVwictpfes  qfAgrie. 
Awdyiit,  vol.  L,  1894,  pp.  171-247).  Simple  but  syatematio 
methods  of  decantation  in  ordinary  beakers  appear  to  be  aa 
reliable  quantitatively  as  far  more  elaborate  methods. 

Oordier  extracted  some  constitnente  by  the  ose  of  the  magnet 
<p.  112)  after  washing.  Composite  grains,  containing  only 
minute  particles  of  magnetite,  may  be  taken  up,  but  can  be 
picked  ont  if  the  iron  oxide  itself  is  required  to  be  pure.  It  is 
naeful  to  cover  the  end  of  the  magnet  witii  a  sliding  cap  of  tissue- 
paper.  This  is  kept  ia  oontaot  with  the  end  while  passing  over 
the  powdered  rook,  and  the  magnetic  particles  adhere  to  it.  On 
withdrawing  the  magnet  to  tlie  collecting- vessel,  the  cap  ia 
thrust  forward  and  the  material  falls  off  into  the  vessel. 

M.  Fonqu^*  uses  an  electro-magnet,  connected,  if  necessary, 
with  six  Bnusen-oells.  By  graduating  the  strength  of  the 
current,  the  cODStitnents  of  a  rock  can  be  fairly  sorted ;  first 
the  magnetite,  then  the  pyroxene,  the  olivine,  and  the  felspars 
aud  allied  minerals  which  contain  traces  ot  magnetic  aubstancea. 
A  residue  of  felspars  and  "  felspathoida  "  remains.  The  glassy 
matrix  of  igneous  rocks  is  the  most  common  source  of  error ;  if 
it  is  pyroxenio,  it  may,  by  inclusion  in  the  felspar,  cause  the 
removal  of  a  large  quantity  of  the  latter,  leaving  only  the  purer 
quality ;  but  in  many  cases  it  is  highly  silicated  and  scarcely 
ferriferous,  and  cannot  be  separated  &om  the  felspars  that  are  to 
be  tested  by  Biabfi's  or  other  reactions.  Microscopic  examina- 
tion, then,  must  decide  on  the  suitability  of  such  selected 
material  for  refined  determinative  teste. 

In  practice  with  Fouqu^'s  method,  the  ends  of  the  electro- 
magnet may  be  covered  with  thin  paper,  to  prevent  the  adhesion 
of  non-magnetic  particles  to  any  moisture  on  the  surface  of  the 
iron.  The  powder  is  placed  on  a  large  card  and  jerked  about 
close  under  the  poles.     When  a  certain  amount  of  material  has 

*  "NonvesDz  proodddt  d'analyae  mMialo  des  rochos,"  Mimoiraprt- 
lenUt  par  diver  KnanM  it  {"Acad.  tU»  Scieneu,  t.  xzxiL,  No.  11.  tiee  alao 
MiiUtwgU  Mierographiqiu. 
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been  attracted,  the  card  is  withdrawn  and  a  clean  card  or  paper 
■abstitnted ;  the  current  is  then  interrupted,  and  the  particles 
fall  off  and  are  collected. 

M.  Foaqa^  baa  separated  by  this  process  microscopic  prisms, 
of  felspar,  the  presenoe  of  which  was  not  revealed  in  the  rock 
even  when  a  strong  lens  was  used;  but  a  small  quantitj^of  glassj 
matrix  always  remained  associated  with  them.  In  this  case  the 
experiment  was  made  upon  an  impalpable  powder.* 

The  possession  of  the  heav;  Itqoida  described  oa  pp.  29  to  31, 
the  earliest  of  which  was  introduced  by  Sonstadt  for  the  deter- 
mination of  specific  gravities  and  the  separation  of  gems  from 
•and,  baa  given  to  geologists  a  most  valuable  method  for  the 
isolation  of  the  constituents  of  rocks.  It  is  clear 
that  if  we  prepare  a  solution  of  density  inter- 
mediate  between  the  densities  of  any  two  con- 
stituents, one  of  these  will  float  up  to  the  surface 
while  the  other  will  sink.  If  the  lighter  mineral 
is  the  only  one  to  be  collected  and  examined,  the 
(^eration  may  be  performed  in  an  ordinary  beaker 
and  the  surface  -  material  sfcimmpd  off  with  » 
spatula.  For  economy  of  the  liquid,  the  beaker 
should  befiurly  narrow,  since  some  depth  of  liquid 
must  be  used  to  allow  of  perfect  separation.  If 
Klein's  convenient  borotungstate  of  cadmium  solu- 
tion is  used,  the  powdered  rock  must  be  treated 
beforehand  with  dUute  acid  to  ensure  the  removal 
of  carbonates. 

The  material  must  be  well  stirred  on  immersion, 
and  both  top  and  bottom  layers  stirred  later  to 
prevent  entangling  of  inappropriate  constituents 
in  either.  The  particles  when  removed  most  be 
well  washed  with  distilled  water,  or  with  benzole 
if  methylene  iodide  is  used  in  the  separation  ;  the 
washinL;s  are  collected  in  a  dish  and  evaporated 
down  until  a  concentrated  liquid  is  again  obtained 
Pig.  13.  '"''  fit'i's  ">*■ 

The  material  separated,  when  washed  and  dried, 
should  be  carefully  searched  over  with  a  lens  or  low  microsoopio 
power,  since  some  composite  grains  are  sure  to  be  included.  Any 
doubtful  object  must  be  rejected  if  a  quantitative  analysis  is 
contemplated ;  or,  for  ordinary  qualitative  tests,  only  the  purest 
grains  must  be  3elect«d. 

*  U.  Fonqad  also  Dot«a  that,  coatrarj  to  eipactation,  ohlorits  ii  doS 
picked  out  by  the  slectrn- magnet. 
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Bat  in  the  majority  of  CMe«  more  delicate  means  of  separation 
will  be  required,  and  a  nomber  of  tnatrumBnts  with  taps  and 
closed  chambers,  and  trith  meojia  of  adequately  mixing  the 
material  with  the  liquid,  have  been  brought  forward  in  the  last 
few  ;esrs.  Probably  one  of  the  neatest  is  the  apparatus  of  M. 
Tbonlet*  (fig.  13).  A.  glass  tube,  a,  15  mm.  in  diameter  and 
about  :)0  cm.  long,  ia  ^^nated  in  cubic  centimetres.  At  ita 
base  it  is  prolonged  by  a  narrower  tube,  b,  in  which  are  two  taps. 
Between  the  taps  a  tube,  c,  enUin,  bearing  abore  a  rubber  pro- 
longation, irhioh  is  oloeed  at  will  by  a  piece  of  glass  rod  thmst 
into  the  ead.  The  tube  a  can  be  cloeed  by  a  rubber  oork  through 
which  a  tube  passes  which  may  be  connected  with  an  air-pump. 

To  perform  a  separatum,  a  quantity  of  the  dense  liquid  is 
poured  into  a.  The  powdered  rock  is  added,  the  air-pump  is 
applied  so  that  the  puidoles  may  be  freed  &om  bubbles,  and  the 
minerals  of  greater  specific  gravity  than  the  liquid  will  fall  to 
the  bottom. 

These  are  drawn  off  through  the  two  taps.  After  each  drawing 
off  of  the  heavier  particles,  ihe  tap  d  is  closed,  and  the  liquid 
that  has  run  out  ia  drawn  up  once  or  twioe  into  b  by  suoking 
some  of  the  tur  out  through  e.  In  this  way  the  last  particles  are 
washed  down  out  of  b  into  the  reoeiving  resseL  A  fine  tube 
bent  upwards  at  the  end,  through  which  water  is  allowed  to  run, 
also  serves  to  wash  out  b ;  but  the  liquid  becomes  thus  tiirther 
diluted  and  requires  a  longer  process  of  concentration  before  it 
«an  again  be  used. 

e  is  then  also  dosed ;  and  water  oan  be  added  from  above  until 
the  liquid  is  snfficiendy  diluted  for  a  fresh  mineral  to  descend. 
To  procure  a  solution  of  particular  density,  the  amount  in  the 
tube  a  is  read  aS,  and  water  is  added  accordii^  to  the  following 
formula : — 


•dj-- 


^te  two  liquids  are  mingled  1^  opening  the  tap  d  and  blowing 
lightly  through  e. 

For  ordiiuu7  purposes  simpler  apparatus  works  extremely 
well.  Thus  HerrT.Harada,  about  1681,  used  what  is  practically 
«n  ordinary  sepamting-fannel  of  the  shape  of  a  pear  rather  than 
a  globe.  The  stopper  at  the  top  and  the  tap  below  permit  of  the 
thorough  mixing  of  the  liquid  and   the   powder  by  agitation, 

*  "  BipaimtlaD  tndeamqne  dea  dl*en  a^msnti  minJralogiqnM  daa  roohM. " 
BviO.  Boe.  JTm.  de  France,  t.  ii  (1ST9),  p.  IT.  The  appuatu  is  sold  by 
D&giitcoiirt,  15  Rue  de  Toamon,  Paris,  for  36  frsnoi. 
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thongli  car*  mnat  be  t«ken  t«at  particles  remain  clinging  to  tbe 
■ides  of  the  veasel  above  the  sur&ce  of  the  liquid.  The  objection 
to  the  nse  of  tapa  ia,  however,  obviona,  and  becomeH  more  and 
more  forced  on  one  in  practice.  It  is  difficult,  moreover,  to  get 
a  tap  of  sufficient  large  bore  imlesa  the  inatrument  has  been 
apecwlty  made.  The  tap  of  Harada'a  apparatus  may  be  got  rid 
of  by  anbstituting  a  piece  of  rubber  tubing*  and  a  spring-dip,  such 
■B  are  often  used  with  burettes.  The  portion  below  the  tap  or 
clip  must  be  carefully  washed  out,  to 'prevent  tbe  accumulation 
there  of  oryatalliaed  products  from  Klein's  solution,  which  will 
check  free  action  when  the  liquid  above  baa  to  be  drawn  off. 

The  power  of  closing  the  veasel  by  a  stopper  above  is  useful 
in  preventing  tbe  too  rapid  flow  of  the  solntioo,  ainoe  the 
out&ll  of  the  heavy  particles  on  the  opening  of  the  lower  orifice 
can  only  occur  as  air  rises  through  the  liquid  into  the  upper 
part  of  the  vessel.  But  very  many  usefiil  separations  can  be 
performed  in  the  Rimplest  poaaible  manner  in  an  ordinary  open 
chemical  funnel  about  8  cm,  across.  &.  rubber  tube  and  (dip  are 
fixed  at  the  outlet  of  the  &nuel,  and,  in  place  of  shakiug,  tho 
powder  aod  the  liquid  are  mixed  by  stirring  with  a  rod.  Tba 
clinging  of  particles  to  tbe  sides  of  the  funnel  and  glaaa  tube 
CHuse^  occasional  errors,  and  all  such  sluggishly  aaoending  or 
descending  grains  must  be  touched  and  kept  moving  with  the 
glass  rod.  Tbe  rubber  tube  must  be  removed  and  thoroughly 
cleaned  before  putting  the  instrument  away ;  a  bent  tube,  like 
that  ased  with  Thoulet^s  apparatus,  serves  well  to  wash  out  tho 
part  below  the  clip  during  each  successive  separation. 

Dr.  J.  W.  Evans  (Geol.  Mag.,  1891,  p.  €7)  has  found  the 
following  a  safe  and  tDorough  method  of  removing  the  heavy 
minerals  without  drawing  off  any  of  the  upper  material : — Take 
a  thistle-headed  funnel  or  pipette,  tbe  tul^  of  which  is  fairly 
long  and  will  fit  into  that  of  the  separating  funnel  from  above. 
Surround  the  end  of  this  with  a  piece  of  rubber  tubing,  ao  that 
it  can  be  thrust  down  into  the  upper  part  of  the  neck  of  the 
aeparating-funnel  and  will  there  act  as  a  stopper.  When  the 
se|)aration  has  taken  place  in  the  liquid,  and  the  heavier 
minerals  are  all  resting  in  the  tube  of  the  separatiujr  {^innel,  just 
above  tbe  clip,  insert  ^is  stopper,  which  should  be  closed  during 
its  descent  by  a  piece  of  glass  rod  thraat  down  into  it  from  above. 
Then  remove  the  roJ,  open  the  clip,  and  the  heavier  materials  will 
come  out  aa  usual,  but  without  any  necessity  for  precaution  ia 
their  release.  Ponr  distilled  water  down  the  tube  of  the  ntoppsr, 
and  the  tube  of  the  separating-funnel  will  be  thus  efficiaatl^ 
*  Bmept  when  liqnida  dOnted  witk  beueoe  am  employed. 
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washed  ont.  OlOM  tha  olip,  remove  the  stopper,  and  a  aeoood 
■epntmiion  oui  be  nude  by  farther  dilution  of  the  liquid. 

Ut.  W.  F.  Smeeth*  has  devised  a  strong  and  simple  sapamtjiig- 
instrument  which  diapensea  with  the  use  of  dips  of  tttps.  Tbu 
eonaists  of  an  nm-ahaped  vessel  with  sloping  sidea,  closed  above 
by  a  large  atopper  and  open  beluw,  the  contracted  base  being 
ground  so  as  to  fit  into  »  tabular  bottle,  which  has  an  expanded 
lip  and  whioh  acta  as  a  support.  An  extra  K^B-^t^PP"^  ^tih  ^ 
long  handle  is  made  so  that  it  can  be  passed  through  the  upper 
opening  of  the  urn  and  thrust  down  so  as  to  close  the  passage 
Into  tlw  bottle. 

The  dense  liquid  and  the  powder  are  shaken  tt^ther  in  the 
inatrament,  the  ordinaiy  stopper  being  in  its  place  and  the  urn 
and  bottle  remaining  connected.  The  heavier  particles  will  thus 
descend  into  the  bottle.  Now  pass  in  the  long  stopper,  moving 
it  in  the  liquid  as  it  desoends  so  as  to  free  it  &om  any  adhering 
particles  of  the  lighter  material ;  close  the  base  of  the  am  wit£ 
it  and  lift  off  t£e  nm  from  Ihe  bottle.  The  two  classes  of 
materiala  are  thna  efficiently  separated  fr^m  one  another.  If 
the  nm  ia  now  fitted  into  a  seoond  and  similar  bottle,  a  further 
seporatioD  can  be  prtwoeded  with  by  removing  the  long  stopper 
aiid  diluting  the  liquid  to  the  requisite  amount  Or  the  original 
bottle  can  be  at  once  cleaned  out  and  some  other  separation 
carried  on  in  it  without  additional  apparatus.  Mr.  Smeeth 
infomu  us  that  the  iustrnmenta  were  made  for  him  by  Messrs. 
Becker,  of  Loudon.  He  suggests  as  the  simplest  type  of  this 
apparatus  an  ordinary  fiinnel  cut  down  so  as  to  leave  a  stem 
half-an-ineh  in  lengtL  This  ia  connected  by  a  piece  of  rubber 
tubing  with  a  glaw  tube  which  serves  as  the  receiving  bottle. 
The  materials  are  mixed  with  the  liquid  in  the  fnnnel ;  its 
lower  orifice  is  closed  by  a  glass  rod  carrying  an  india-rubber 
cork  at  the  end ;  and  the  rubber  tubiog  con  then  be  pulled 
away  safely  from  the  shortened  nook  of  the  fnnnel,  the  two  parts 
becoming  thus  disconnected. 

Herr  A.  Hauenschild  has  recently  invented  a  very  neat  and 
compact  apparatus,  consisting  of  a  large  glass  tap,  with  two 
lateral  notches  instead  of  a  central  opening,  whereby  the  passage 
of  particles  ia  facilitated.  Each  end  of  tibe  abort  wide  tube  in 
which  this  tap  is  placed  ia  ground,  and  over  each  a  tubular 
vessel  with  a  foot  is  fitted.  The  upper  and  lower  pnda  of  the 
inatniment  are  thus  identical,  except  that  one  is  inverted,  its 
foot  remainini;  upwards.     The  liquid  and  powder  are  placed  in 


*  BeietU^fic  Proettdrngt  qf  th4  Royoi  Dublin  Soeittv,  voL  Ti.  (no 
IS8).  n.  fiS.     Sollaa,  TWm.  S.  Irith  Aead.,  vol  xxji.,  p.  tf~ 


.,p.4SQ. 


I^tCIOi^Ic 


120  ISOLATIOH   or  THB  OOKOTITUBinS   Or   BOOKS. 

the  lover  ruBel,  into  which  the  oentrml  tube,  contaiiuDg  the 
doMd  t»p  and  supporting  the  npper  inTerted  Tessel,  is  now 
fitted  j  the  inetroment  ia  then  inverted,  and,  in  due  ooarae,  the 
heft  Tier  pArticles  can  be  drawn  off  into  the  second  vesael,  whioh 
ia  now  below.  Kaaeneohild's  Beparetioti-spparBttu  is  sold  b; 
Mnenoke,  66  Luiaenstrasse,  Berlin,  for  12  marks. 

Prof.  Sollas  (ilTofuns,  vol.  xliz.,  p.  211)  hae  shown  how  particles 
may  bo  removed  from  any  tone  of  his  diSasion-colamn  (see  p.  31), 
bj  inserting  a  pipette  of  1*5  mm.  bore,  plugged  at  its  base  by  ft 
stem  of  Esparto  grass,  ronnd  the  end  of  which  a  little  nnravelled 
cotton  thread  ia  woond.  Thia  atom  is  inserted  from  above ;  the 
pipette  is  thrust  down  until  its  end  lies  againat  the  grains  to  be 
extracted ;  the  plug  is  then  pulled  back  alowly,  and  the  fluid 
and  grains  foUow  it  into  the  tube.  A  very  thin  glaas  rod,  bent 
up  at  one  end  into  a  crook,  la  then  thruat  down  parallel  to  the 
pipette,  and  the  crook  is  pnlled  up  so  as  to  enter  and  plug  th« 
bottom  of  the  pipette.  Sow  remove  both  together,  oieaa  off 
foreign  grains  from  the  oataide  of  the  pipette  with  blotting- 
paper,  and  waah  out  the  collected  and  isolated  graina. 

Where  a  liquid  of  high  density  is  required,  !Dr.  J.  W.  Retoera 
has  reoommeiuled  the  uae  of  certain  easily  fusible  salts,  on  wniidi 
he  has  made  a  careful  aeries  of  experiments.  In  1893  {NmiM 
Jahrh.  fiir  Min.,  1693,  Bd.  i.,  p.  90)  he  introduced  thallium 
silver  nitrate,  whioh  melts  at  70  C,  giving  a  density  of  nearly 
5-0.  It  can  thus  be  manipulated  on  a  water-bath,  and  can  be 
diluted  by  water,  added  oarefnlly  drop  by  drop.  Sulphides, 
however,  are  attacked  by  it.  The  joint  thallium  nitrate  and 
acetate,  melting  at  6fi*  0.,  with  G.  —  4'S,  gave  also  good  results 
(NeuM  Jahrb.,  1896,  Bd.  i.,  p.  212).  In  a  Uter  paper  (Ibid., 
1696,  Bd.  ii,  p.  183y  Betgers  recommends  meronroua  nitrate 
aa  cheap,  melting  at  70*  C,  with  O.  ••  1*3.  Quioknesa  ia  neces- 
sary during  a  separation,  aa  some  deoompositioQ  of  the  salt 
occurs.  The  most  satisfactory  salt  is  now  reported  to  be  t.>i».11intn 
mercurous  nitrate,  melting  at  76°  0.,  with  Q.  -  6-3.  This  oaa 
be  diluted  with  water,  and  has  no  eflTect  on  sulphides. 

The  procedure  ia  to  effect  the  separation  in  the  melted  salt  in 
a  test-tube,  with  a  fiur  depth  of  liquid.  When  the  heaviest 
minerals  have  sunk,  remove  from  the  water-bath,  and  dip  the 
ontside  of  the  test-tnbe  into  a  glass  of  water,  moving  ib  about,  so 
aa  to  cool  it  qnickly.  This  prevents  the  minerals  nom  floating 
up  ^ain  during  the  rise  of  denaity  on  cooling.  Then  break  ont 
the  bottom  of  the  tube,  remove  the  glass-fragments,  and  melt  <^ 
the    lower    layers   into    a    beaker   by   means   of  an    obliquely 
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directed  flune.  The  Beparated  heavy  minerals  can  now  be 
-cleaned  by  washing. 

Hessrs.  Fsnfield  and  £reider  (Amw.  J.  Sci.,  vol.  xlviii.,  1891, 
p.  113,  and  vol.  1.,  1895,  p.  446)  describe  improTod  apparatns  lor 
oonTenientlT  eSecting  the  separation. 

Another  bat  more  risky  method  of  isolating  narbioalar  minerals 
&om  the  powdered  rock  consists  in  the  use  of  acids.  It  is  easy 
thus  to  extract  the  silicates  from  cipollino  or  oaloiphyre  by 
destroying  the  sarronnding  carbonates  with  aoetic  acid ;  bnt 
-stronger  acids  are  likely  to  prodnoe  surface-deoomposition  of  the 
minerals  that  are  to  be  ultimately  examined.  It  is  obvioas  that 
die  natnre  and  strength  of  the  solvent  used  in  each  instance 
must  be  left  to  the  judgment  of  the  observer. 

Itf.  Pouqn^*  employed  hydrofluoric  acid  in  the  isolation  of  the 
minerals  of  the  lavas  of  Suitorin.  He  placed  about  30  graramea 
■of  Uie  rook-powder,  frum  which  the  finest  and  the  coarsest 
particles  had  been  sifted  o£^  in  a  platinum  dish  into  which  con- 
-centrated  hydrofluoric  acid  had  been  poured.  The  materials 
were  inserted  cautiously  and  stirred  together ;  the  process  of 
■decomposition  was  arrested  at  any  required  stage  by  pouring  in 
water  and  washing  off  thus  the  fluoiilicates,  flaorides,  and 
gelatinous  products  that  had  been  formed.  The  materials,  when 
washed,  shonld  be  rubbed  with  the  finger  under  water  to  free 
them  &om  the  last  tntces  of  the  jelly. 

In  this  way  the  amorphous  glassy  matrix  may  be  removed 
'from  around  many  minerals,  though  it  may  be  difficult  to 
free  felqiars  completely  from  it  without  seriously  attacking  the 
crystals.  The  ferro-magnesian  minerals  are  attacked  only  after 
long  immersion ;  henoe  they  can  be  isolated  from  quartz  and 
ftlspar  with  comparative  ease.  The  acid  is  thus  found  to  attack 
first  the  glossy  matter,  then  the  felspars,  then  quartz,  and  lastly 
the  ferro-magnesian  gronp  (pyroxene,  amphibole,  olivine)  and 
magnetite. 

The  deteimliiattoii  <tf  the  proporttonB  in  which  particular 
minerals  are  present  in  a  rock  can  of  coarse  be  effected  by 
weighing  the  original  powdered  material  and  the  successive 
l^nps  of  isolated  constituents.  Delessef  long  ago  employed  a 
rougher  method,  which  is  simple  and  very  reasonably  accurate. 
It  is  thus  of  especial  value  to  obaervers  &r  removed  from  refined 
apparatus.    D^esse  chose  a  plane  or  even  polished  surface  of  the 

*  Fooqni  and  Ury,  MMndogie  Miengraphiqve,  p-  110. 

t "  ProoUd  m jouiiqne  pour  ddterminer  la  outaposition  des  roohw." 
AmttUtt  dt»  Mima,  irao.  tbe.  tome  siiL  (1848),  p.  379.  .  Published. also  with 
teifling  variatioiu  at  be8an9oii.  Ho. 


123  tSOLATIOV  (W  TBR  OORnTruRlITS   OF    BOOKB. 

rock,  or  in  special  isTwtig&tionB  the  six  surfkcea  of  a  parallelo- 
pipedon  out  from  it  He  oorered  each  such  sarfoce  with  a  sheet 
of  goldbeater's  skin  or  fine  paper,  increasi&t;  the  transparency  if 
necesf»T7  b;  sciaking  the  ooTering  and  the  &oe  of  the  rock  in  oil. 
The  oovering  was  affixed  with  gum. 

The  ontliues  of  the  minerals  were  then  traced  through  with  a 
pencil  or  fine  pen,  and  the  Tsrious  minerals  were  coloured  with 
different  tints.  The  tracing  was  removed  ft'om  the  rock  and 
gummed  to  a  sheet  of  lead  or  tin-foil.  The  oatlines  were  cat 
round  with  a  pair  of  scissors  and  the  pieces  of  the  same  tint  were 
sorted  together.  To  avoid  errors  due  to  irre^lar  thickness  of 
the  gum  and  paper,  each  sorted  group  was  treated  in  water  and 
the  fragmeuts  of  the  foil  were  alone  finally  used. 

These  groups  of  fragments  were  then  weighed  and  compared 
with  the  total  weight  oi  foil  that  oorreaponded  to  the  area  or 
areas  of  the  rock  selected,  the  proportions  of  each  mineral  being 
thus  ascertained.  Delesse  found  it  convenient  to  estimate  fine 
lamellar  minerals,  such  as  mica,  by  difference. 

When  a  good  balance  is  at  hand,  the  paper  may  probably  be 
cut  out  and  estimated  directly,  without  transference  to  the  foil. 
The  modem  method  has  been  to  employ  a  thin  section  of  the 
rock  under  the  microscope,  to  draw  the  field  seen  with  a  camera- 
Inoida  or  neutral  tint  reflector,  and  to  weigh  the  variotis  parta 
of  the  dissected  drawing  upon  a  chemical  balance. 

One  of  the  most  interesting  results  of  such  investigations  ia 
that  mentioned  by  Delesse,  who  found  that  minerals  of  a  striking 
or  rich  colour  are  prcBent  in  much  less  proportions  thsn  tb» 
appearance  of  tlie  rocks  containing  them  seems  to  indicate. 
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appanttna  in  tJbe  otbenriae  modest  equipment  of  the  geologiat; 
bat  a  good  instrumeDt  will  obriously  last  a  lifetime.  While  the 
detaila  of  the  stand  required  have  been  made  the  special  care  of 
OM^n  well-known  makers,  it  ia  possible  to  procure  first-class 
objectives  second-hand,  and  to  fit  them  as  one's  needs  extend. 

The  essential  points  of  the  microscope  used  by  geologists  are 
as  folio  WB ; — 

(1)  A  good  polarlser  and  analyser,  both  BO  fitted  as  to  be  almost 
instantaneously  brought  into  position  or  again  removed ;  the 
analyser  may  be  above  or  below  the  eye-piece,  the  former,  or 
"  eye-piooe  analyser,"  being  most  suited  for  observations  with  the 
quarter-undulation  plate  or  the  quartz  wedge  when  orystals  are 
studied  in  convergent  light.  The  outer  flange  of  the  polariser, 
and  of  the  analyser  if  this  also  rotates,  must  be  graduated  at 
every  90°,  so  that  the  position  of  "  crossed  nicols"  can  be  easily 
found.  In  this  position,  when  the  shorter  diagonals  of  the 
oalcite  priams  coustituting  the  nicols  are  at  right  angles  to  one 
another,  the  field  of  the  microscope  should  be  dark  until  some 
crystalline  substance  is  placed  above  the  polariser. 

(2)  Either  the  stage  of  the  microscope  must  rotate,  or  the  two- 
nicoli  must  be  arranged  so  as  to  rotate  together,  as  in  the  re- 
markable instrument  now  made  by  Messrs.  Swift  A  Son,  at  the 
suggestion  of  Mr.  Allan  Dick.  In  either  case,  the  orientation  of 
any  crystal  in  a  section  with  regard  to  the  diagonals  of  the  nicols 
miut  be  asoertainable  by  means  of  a  graduated  ;^le  and  an 
index.  If  the  stage  rotates,  as  in  most  instruments,  its  edge  is 
marked  off  in  degrees  (fig.  14). 

(8)  There  must  be  cross-wires  or  "  spider^Unes "  in  the  eye- 
piece, and  a  pin  joust  project  from  the  eye-pieoe  and  fit  into  a 
slot  in  the  main  tube,  so  an  to  prevent  any  rotation  of  the  wires, 
whitdi  are  parallel  to  the  diagonals  of  the  crossed  nicols. 

In  addition,  an  easily  removable  aobromatie  oondenser  should 
be  fitted  in  the  aperture  of  the  stage  above  the  poiariser,  se 
as  to  converge  the  light  upon  any  crystal  brougut  into  the 
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centre  of  the  field.*  Some  means  of  focuuing  it  within  &  short 
nuige  thoold  be  Bupplied,  and  it  i«  a  great  oonvanience  when 
vorking  with  high  powers  if  it  can  be  retained  as  an  oniinary 
condenser  whether  the  poUfiaer  ia  in  use  or  not.  If  the  figures 
Tiewed  in  convergent  polarised  light  are  to  ba  seen  with  the  ey e- 
piece,  a  lens  of  snitable  focus  is  inserted  when  required  into  & 
slot  aboTe  the  objectire. 

A  qoartz  wedge,  the  longer  direction  of  which  is  parallel  to 
the  Tertical  axis  of  the  crystal  from  which  it  was  cut,  is  a  very 
usafdl  acoesaory.  Such  wedges  are  sold  for  about  20a.,  and  should 
show,  when  placed  between  crossed  nioola,  a  regular  gradation 
of  colonra  from  the  grey  of  the  first  order  of  Newton's  scale  at  * 
the  ^in  eod  up  to  the  pink  and  green  fourth-order  colours  at  the 
thick  end.  These  colours  should  not,  as  in  wedgea  of  too  steep 
an  ftngle,  be  crowded  together  towards  the  thinner  end. 

In  other  points  the  geologist's  microscope  resembles  the- 
ordinary  instrument,  A  nose-piece  carrying  two  or  three  ob- 
jectiTes  ia  invaluable.  Owing  to  the  limits  imposed  by  the 
thickness  of  rock-sections,  very  high  powers  are  out  ot  place. 
If  only  two  objectives  are  at  first  parchased,  there  is  little  donbt 
that  they  should  be  those  staled  2-inch  and  J-inch.  If  a  series 
is  available,  the  following  are  recommended  : — 2-iixoh,  1,  },  \,  and 
i  or  ^incb.  The  rack  used  in  fooussii^  should  be  long  enough 
to  allow  of  the  use  of  a  3-inoh  objective,  which  is  occasionally  re- 
quired, particularly  when  a  slide  illustrating  rook-stmctnre  ha» 
to  be  studied.  The  higher  powers  are  neoesaary  for  the  study  of  the 
gronndmass  of  rocks  and  for  use  with  convergent  polarised  light. 

If  a  rotating  stage  is  nsed,  some  form  of  centring  ia  deorable. 
The  adjustment  may  be  made  by  two  screws  ia  the  collar  into 
which  uke  objective  fits,  or  similarly  by  an  arrangement  beneath 
the  stage  itaeli  In  all  cases  it  is  necessary  that  an  object 
viewed  with  an  ^inch  objective  should  remain  in  the  field 
throughout  a  rotation  of  the  stage,  and  should,  if  placed  on  the 
intersection  of  the  crose-wires,  barely  deviate  from  that  position. 

The  difficulties  arising  from  this  petrological  requirement 
have  been  met  by  microscopistB  in  two  brilliant  and  difi'erent 
manners.  Nachet  of  Paris  divides  the  main  tube  of  the  instra- 
ment  in  two,  supplies  a  double  arrangement  for  focussing,  and 
carries  the  objective  with  its  adjustment  on  a  pillar  attached  tO' 
the  rotating  stage.  Thus  the  centre  of  the  objeotiTe  is  always 
in  precisely  the  same  relation  to  any  object  in  the  field,  since  it 
rotates  with  the  slide  iteelf.  This  tjstem  had  also  been  sucoess- 
fnlly  adopted  by  Messrs.  Orouch  &  Co.,  of  London. 

*A  J-ineh  ob^tiv<,  mpported  inverted  under  the  slide  and  above  tbe 
pplaristr,  servn  to  ^oduoe  the  ehsroctwUtic  Bgurea. 
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Iq  1889  Mr.  Allftn  Dick  *  bronght  forward  the  instrament 
Alrend;  referred  to  (fig.  16),  the  details  of  whioh  were  worked 


Fig.  1ft.— Petrological  microacope  with  Gxed  stage  and  rotating  nicol* 
and  cross- wirea 

out  b;  Messrs.  Swift  dc  Sod,  of  London.     The  stage  is  fixed  and 
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of  an  ordinar;  compact  size;  while  the  eye-piece  with  iu 
croBS-wircB,  and  beftring  the  analyser  above  i^  is  conuectt^d 
by  toothed  wheels  aod  a  rod  with  the  polariser  below  the 
stage.  Witb  the  finger  tonohing  one  of  these  toothed  wbeeli, 
the  observer  eaases  the  nicols  and  cross-wires  to  rotate  to- 
gether, aad  the  Tibratiott-directions  of  the  nicols  are  thus 
brou^t  parallel  to  particnlar  direotioos  in  the  crystal  under 
examination,  an  arrangement  that  renders  nnneoeesary  the  rota- 
tion of  the  crystal  itsel£  The  necessily  for  adjnsting  any 
particular  power,  however  high,  until  it  is  exactly  centred  is 
thus  entirely  done  away  with. 

The  oonverging  lens  slides  in  and  ont  in  a  groove  cut  in  the  . 
stage;  and  a  number  of  other  ingenious  details  make  this  petro- 
h^ioal  microscope  the  most  remarkable  that  has  appeared  since 
tlrat  of  Nachet,  and  certainly  the  compactest  and  most  con- 
venient of  any  at  present  in  the  field.  It  is  adapted,  however, 
to  higher  requirements  than  those  of  most  geological  students, 
for  whom  the  various  types  of  strong  instruments  with  well 
centred  stages  provide  all  that  is  necessary  in  ordinary  work. 

It  is  often  usefnl  to  examine  small  crystals  or  grains  by 
refleoted  light  under  a  power  of  1-inoh  or  IJ'inch  focus.  For 
this  purpose  the  little  support  suggested  by  Mr.  T.  H.  Holland  * 
serves  admirably  and  is  easily  made.  A  hemisphere  is  cut  ont 
of  cork,  about  f  inch  in  diameter,  and  a  small  hollow  is  sunk 
in  the  centre  of  the  flat  side.  The  object  to  be  examined  is 
fixed  in  this  hollow  by  a  Little  wax  so  that  it  occupies  the  exact 
centrSL  If  the  hemispherical  surface  is  allowed  to  rest  in  the 
circular  aperture  of  the  stage  of  the  microscope,  the  support  may 
be  tamed  about  in  all  directions  without  the  object  passing  ont 
of  view  or  out  of  focus.  Mr.  Holland  anggesta  a  iiirtjier  use  for 
this  Bopport  By  turning  out  a  oonical  hole  completely  throngb 
the  hemisphere,  widemng  below,  "  this  simple  contrivance  may 
be  employed  in  transmitted  light,  for  adjusting  sections  of 
crystals  which  are  supposed  to  have  been  cut  in  any  particular 
direction;  but  which,  as  is  almost  always  the  case,  only  approxi- 
mate what  they  are  represented  to  be.  Suppose,  for  example,  a 
section  of  a  doubly  refilacting  uTiii^Tia.!  orystal  is  required,  normal 
to  the  optio  axis.  Then  by  employing  the  hemisphere,  the 
section  can  be  so  adjusted  that  its  optic  axis  is  exactiy  pMidlel 
to  the  line  of  colUmation  of  the  instrument." 

Small  objecto  such  as  sand-grains  may  be  examined  dry  upon 

a  glass  slip,  or  by  transmitted  light  when  mounted  in   water 

ai^er  a  cover-glass.     Should  it  be  desirable  to  preserve  the 

*  Stiaut  Oottip,  No.  291  (March,  1880),  p.  C3. 
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epecimenB,  objeote  for  reflected  light  should  be  moonted  as 
follows  : — A  i^p  of  oedar-wood  or  nuthoganj,  of  the  same  size  m- 
the  ordinary  microsoopio  slide,  and  slighUy  thicker  than  th» 
objects  to  be  examined,  has  a  circul&r  bole  bored  through  its 
centre.  It  is  then  backed  by  a  thin  piece  of  card  blackened  on 
the  dde  that  shows  through  the  aperture.  The  objects  may  be 
fixed  by  miuate  drops  of  gum  to  this  dull  black  gronad  in  any 
suitable  position,  Oare  must  be  taken  to  prevent  the  gum  from 
rising  on  to  the  sides  of  the  objects  and  imparting  to  them  an 
artificial  appearanoe  of  polish.  Tiny  supports  of  blotting-paper 
soaked  in  gum  can  be  folded  into  any  shape  when  moie^  and 
will  prop  up  a  minute  sp»ecimen  in  any  required  position. 

For  use  with  transmitted  light,  the  objects  are  mounted  iik 
Canada  balsam,  which  has  a  re&active  index  sufficiently  high  to 
prevent  the  dark-bordered  effect  and  imperfect  transparency 
noticeable  when  air  or  even  water  surrounds  the  specimens. 
With  delicate  objects  the  balsam  must  be  diluted  with  benzole 
and  the  cover^laas  gently  laid  on  the  top.  The  slide  must  then 
be  dried  at  a  temperature  of  about  72°  0.,  the  spirit  beins  thu» 
driven  (^  To  ascertain  if  the  prooess  has  gone  sufficiently  &r, 
pick  up  firam  time  to  time  with  a  splinter  or  match-«tick  a  little- 
of  the  balsam  exuded  round  the  edges  of  the  oovei^glus. 
Directly  the  sample  thus  removed  is  cold,  press  it  with  thfr 
thumbnail.  If  it  is  brittle,  the  whole  balsam  will  become  hard 
and  firm  on  cooling,  and  the  slide  may  be  removed  from  the  air- 
bath  in  which  it  has  been  drying. 

If  the  objects  are  strong,  like  sand-groius,  the  balsam  may  be 
dried  previous  to  use.  A  little  is  softened  by  heat,  and  the 
objects  are  allowed  to  sink  in  it  on  the  slide.  Tlie  cover-glass  is 
laid  on  while  all  is  warm,  pressed  down,  and  the  slide  is  laid 
aside  to  cooL  Uare  must  be  exerdsed  to  prevent  babbles  from 
forming  in  the  balsam  or  the  mass  fr^nn  becoming  too  brittle- 
and  discoloui'ed  by  over-heating. 

Very  often  the  pressure  used  in  placing  the  cover-glass  in 
position  forces  the  loose  objects  outwards  or  to  one  side  of  the 
preparation.  Mr.  H.  C.  Sorby  *  recommends  the  following 
remedy: — "  Having  placed  a  small  quantity  of  dissolved  gum  on 
the  gloss  plate,  the  requisite  amount  of  the  deposit  is  taken  and 
mixed  with  the  gum  and  sufficient  water  to  make  it  easy  to- 
separate  the  groins  and  spread  them  uniformly  over  the  space 
which  will  afterwards  be  covered  by  the  thin  glass.  The  water 
is  then  allowed  to  evaporate  slowly,  and  thougli  much  of  the  gum 
collects  round  the  margin,  by  properly  regulating  the  quoDti^ 
*  PreaidentUl  addreu  to  RoyBJ  Mioroscopical  twdety,  1877> 
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originallj  ftdded,  enough  remaine  ander  the  larger  groinB  to  hold 
them  BO  &st  that  they  are  not  squeezed  out  with  the  excess  of 

The  gum  shootd  be  m  bo  small  an  amount  aa  to  be  mvisib]^ 
after  the  mounting  is  completed,  except  on  an  examination  of  the 
under  side  of  the  preparation. 

It  is  scarcely  neceasary  to  remiitd  workers  that  the  water  used 
in  any  treatment  of  microscopic  objects  must  be  distilled,  sinoe 
on  the  evaporation  of  ordinary  water  all  manner  of  crystalline 
salts  are  deposited  apon  the  objects. 

To  remove  the  balsam  exuded  round  the  edges  of  the  cover- 
glass,  the  whole  is  allowed  to  become  hard ;  the  more  protninent 
parts  may  then  be  chipped  off  readily  with  a  blunt  knife,  tlie 
pointof  which  must  be  kept  clear  from  the  edge  of  the  cover;  while 
the  slide  is  finally  and  neatly  cleaned  with  a  tooth-brush  dipped 
in  methylated  spirit.     Wipe  and  dry  at  once  with  a  soft  duster. 

Where  microBCopio  Beotlons  are  required,  the  preparation  of  the 
object  is  often  a  matter  of  considerable  time.  In  the  case  of 
fragmental  substances,  an  ingenious  method  suggested  by  Dr. 
Wallicb  •  may  be  applied  after  a  little  practice.  A  small  glass 
slip,  or  square  cttt  from  plate  glass,  is  laid  npon  a  metal  plate  over 
a  spirit-lamp.  A  drop  of  nearly  dried  balsam  is  softened  upon 
this  by  hea^  and  a  plate  of  mica  is  laid  on  it,  becoming  thus 
cemented  to  the  glass.  The  small  objects  of  which  sections  are 
to  be  prepM^  are  then  embedded  in  further  balsam  upon  the 
mica  snrfaoe  and  arranged  in  any  suitable  position.  When  this 
balsam  is  cold  and  firm,  the  glass  is  used  as  a  handle  by  which 
the  objects  can  be  held  during  grinding.  A  flat  sur&oe  is  then 
given  to  them  as  they  lie  in  the  balsam  by  rubbing  with  water 
on  a  hone  made  of  Wator-of-Ayr  stone.  When  they  appear 
p^>perly  rubbed  down,  the  surface  is  washed  and  dried,  and  the 
fflass  is  again  lightly  heated.  As  soon  as  the  heat  softens  the 
lower  film  of  balsam,  that  between  the  mica  and  the  glasa,  the 
mica  must  be  lifted  up  with  a  pair  of  forceps  and  turned  over  on 
to  an  ordinary  microsoopic  slip  on  which  a  little  balsam  has  been 
heating.  The  ground  sur&ce  of  the  objects  is  now  downwards, 
and  they  become  fixed  on  cooling  to  the  glass  slip  in  the  positions 
originally  selected.  When  cold,  use  the  new  slip  aa  a  handle, 
flake  off  the  mica  lightly  with  a  knife,  since  it  now  forms  the 
«ur&ce-Iayer,  and  grind  the  newly  exposed  side  of  the  objects  in 
the  same  manner  as  before.  When  transparent  aeotiona  have 
been  thus  prepared,  wash,  soften  the  balsam  by  gentle  warming, 
and  affix  the  oover.g)a8S.  For  details  concerning  the  making  of 
*  Awt.  and  Mag.  If^at.  SiH.,  8rd  mt.,  v«L  viU.  (1861),  p.  SS. 
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Bectiona  of  delicate  objects  by  such  methods,  see  Chapman 
{Scientijie  Newg,  vol.  i.,  I.ondon,  1888,  p.  462)  and  Stsber  {Tra- 
vaux  du  iabomloin  jninintiuijiQue  de  i'univernte  de  Gand,  1899). 

The  same  priuciplea  &re  involved  in  the  preparatioii  of  sections 
of  minerals  and  rooks  suoh  as  are  ordinarily  examined  by  the 
geologist  A  conveniently  thin  chip  is  chosen,  and  a  smooth 
aurface  is  given  to  it  on  one  side.  For  this  purpose  it  is  held  in 
the  hand  &nd  rubbed  down  with  emery  and  vater  on  a  plate- 
glass,  lead,  or  iron  sarface.  Emery,  of  the  coarseneas  known  aa 
"60-hole,"  may  be  used  at  first;  then  "9&-hole,"  and  finally 
"  flour^mery,"  or  even  emery  of  gre^r  fineness  produced  by 
washing.  The  emery  already  used  must  be  carefully  washed  olT 
from  the  sp«cimen  before  proceeding  to  a  finer  qnaJity.  When 
objeota,  such  aa  tho  bars  of  a  window,  can  be  seen  reflected  in  the 
prepared  surface,  this  first  stage  of  the  process  may  be  considered 
as  finished.  The  chip  is  now  ceinent«d,  the  polished  sur&co 
downwards,  by  means  of  Canada  balsam  *  to  a  glass  handle, 
preferably  a  piece  of  plate-glass  about  1  j  inches  sqnare.  When 
the  cement  has  become  hard,  no  trace  oi  bubbles  should  appear 
between  the  snr&oee  of  the  specimen  and  the  glass.  If  present, 
they  will  gleam,  aa  seen  through  the  glass,  like  little  mercurial 
globules,  and  must  be  got  rid  of  by  further  heating  and  probably 
by  the  application  of  more  balsam.  The  sarface  thus  finished 
and  cemented  down  forms  one  side  of  the  section  ultimately 
prepared. 

The  outer  aide  of  the  specimen  is  now  similarly  ground  away, 
floup«mery  alone  being  used  when  the  section  begins  to  appear 
translucent,  and  the  liniahing  touches  being  given  with  the 
Waterof-Ayr  stone.  Care  must  be  taken  in  order  that  the 
central  area,  and  not  merely  the  edges,  may  become  finally  thin. 
Very  delicate  sections  must  be  transferred  at  an  early  stage  to 
tile  slip  on  whioh  they  are  to  be  mounted,  and  finished  on  this 
instead  of  on  the  handle  of  plate-glass. 

In  ordinary  cases,  however,  the  section  is  examined  under  the 
microscope  before  removal  fi^m  the  glass  handle,  to  see  if  it  is 
sufficiently  and  uniformly  thin.  It  is  then  placed  in  a  bath  of 
methylated  spirit  for  some  five  or  six  hours,  at  the  end  of  which 
time  it  can  be  floated  off  from  the  handle  and  transferred  care- 
fully by  a  seotion-lifter  fa  bent  piece  of  thin  metal  in  a  wooden 
handle)  to  an  ordinary  slip  on  which  balsam  is  abready  heating. 
The  covering  and  final  prooesses  are  as  described  on  pp.  128,  129. 

*  Prof.  Hosenbiuch  reoommeuds  16  parta  1^  weight  of  Canada  balaun  to 
60  parte  of  ahellac,  b«ated  together  for  aome  time.  The  toughnesi  of  thia 
allows  very  thin  wotloaB  to  be  made. 
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To  ftToid  the  Jong  grmding  that  must  occur  ▼hen  ohipe  ara 
oaed,  profeBsion&l  workers  always  employ  in  the  &ist  instanoe  a 
lapidary's  catting  disc,  which  is  an  iron  disc  "  armed  "  from  time 
to  time  by  forcing  diamond-powder  into  its  edge.  The  diamond 
is  mixed  with  a  little  olive  oil  and  placed  with  the  finger  on  the 
edge  of  the  disc  The  disc  is  then  slowly  rotated  while  a  sor&oe 
of  flint  or  agate  is  pressed  against  it,  the  tiny  splinters  of  diamond 
thus  becoming  set  in  the  iron  like  the  teeth  of  a  circnlar  saw. 
A  well  armed  disc  will  cut  perhaps  some  thirty  ordinary  sections, 
and  most  be  re-armed  directly  it  ceases  to  give  a  clean  cut  and  » 
sharp  hianing  noise  when  in  motion. 

The  disc  is  preferably  placed  horizontally  and  rotated  by  a 
band  working  from  a  wheel  driven  and  controlled  by  huid. 
The  specimen  is  held  in  a  clamp  and  is  drawn  against  the  disc 
by  a  oord  pa<)sing  over  a  little  pnlley;  this  cord  is  weighted  at 
the  end  according  to  the  severity  of  the  work  to  be  p^fbnned. 
The  disc  mnst  be  continuously  lubricated  by  a  little  stream  of 
soap  and  water  kept  running  on  to  it  from  the  tap  of  a  vessel 
■et  above  it.  A  wisp  of  soft  string  may  be  oonTeoientlj  made 
to  hang  from  the  tap  and  to  rest  its  free  end  on  the  disc,  so  as 
to  act  as  a  guide  for  the  descending  drops. 

By  Bach  a  machine  thin  and  even  laige  slices  can  be  prepared, 
which  require  little  grinding  to  transform  them  into  microaoopio 
sections.  Sections,  moreover,  can  be  out  from  minerals  in  special 
directions,  by  careful  adjustment  of  the  specimen  in  the  clamp.* 
Small  specimens  can  be  held  by  being  cemented  on  to  a  block  of 
wood  by  means  of  the  "  electrio  cement "  described  on  p.  21,  the 
wood  being  then  fixed  in  the  clamp.  Friable  objects,  sudi  as 
pnmice,  mnst  be  saturated  ia  hot,  balsam  in  a  dish  over  a  spirit- 
lamp  or  Bunsen-bumer  and  allowed  to  beoome  thoroughly  cooL 
They  niay  then,  with  care,  be  out  or  ground  like  other  materials. 

finally,  it  may  be  osefiil  to  mention  that  emttry  can  be  ol> 
Cained  in  Ijondon  for  about  la.  6d.  per  7  lb.  packet.  Diamond- 
Bpliat,  which  must  be  powdered  in  a  steel  mortar  after  purchase, 
oosta  about  6s.  per  carat,  two  carats  lasting  a  considerable 
time.  Plate-glass,  snitable  as  a  basis  on  which  to  perform  grind- 
ings,  nifty  be  got  in  about  18-inch  squares  from  any  glass-cutter 
at  a  moderate  cost.  The  iron  discs  used  in  lapidary's  work  are 
supplied  by  Messrs.  Cotton  &  Johnson,  of  14  Qerrord  Street, 
Boho,  London,  W.  Most  amateurs,  however,  will  find  a  machine 
rather  a  luxury  than  a  necessity,  considering  the  small  number 
<rf  sections  they  will  require  in  the  course  of  any  year.     While 

*  For  a  delicate  method.  Me  3tSbar,  BuiL  Aead.  Roy.  dt  Bdgiqat,  Se. 
Aie.  t.  uxiii.  (1897),  p-  S43. 
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it  IB  of  very  great  importMioe  to  have  praotioe  and  confidence  id 
UiB  making  of  rock-Bections,  it  ia  fortunate  that  now  in  some 
towns,  especially  in  Geromny,  profesaional  lapidarieH  are  spring- 
ing up,  ready  to  relieve  the  geologist  of  work  that  is  in  tha 
majority  of  oaaes  tedious. 

iliai  the  application  of  the  microscope  to  the  study  of  rock* 
ia  by  ni>  means  a  modern  development  has  been  alrea  ly  seen  in 
our  review  of  Oordier's  claasio  investigations.  Some  older 
.  authors,  notably  Delesse,  derived  great  advantage  from  the 
examination  of  polished  snrfEUies  of  rooks  under  the  mioroscope  ; 
and,  such  surfaces  being  commonly  procurable  in  all  countries, 
whether  among  the  debris  ot  ancient  Rome  or  the  workshops 
of  Indian  artists,  it  is  of  considerable  proEt  to  have  studied  at 
least  a  typicaJ  selection.  Though  polarised  light  cannot  be 
employed,  there  are  in  some  cases  actual  advantages  over  a  tbin 
section,  inasmuch  as  the  rock  can  be  often  examined  by  a  low- 
power  objective  for  a  considerable  depth,  and  the  tridimensional 
character  of  the  various  objects  and  structures  becomes  realised. 
As  a  brilliant  example  of  results  gained  in  this  manner,  we  may 
cite  the  plates  and  text  of  Delesse's  B«ch«rches  «w  Us  Soehet 
globiiUjiaw,*  a  memoir  that  should  be  looked  at  in  this  oonnec- 
liuu  by  all  to  whom  libraries  are  auueaisible. 

While  it  is  now  well  for  the  beginner  to  study  carefully  a 
series  of  rock-sections  under  the  mioroaoope,  these  should  never 
be  considered  apart  from  the  rocks  from  whic^  they  have  been 
cut.  Aiter  understanding,  with  the  assistance  of  the  sections, 
the  main  points  of  structure,  an  immense  amount  of  work  can 
be  done  by  powdering  up  a  rock,  sifting  where  necessary,  and 
examining  the  fragments  on  a  microscopic  slip,  first  by  reflected 
light,  and  then  mounted  in  water  or  balsam  under  a  cover-glass. 
The  methods  of  Cordier  (pp.  110-113)  must  never  be  forgotten, 
since  the  expert  in  the  use  of  microscopic  sections  is  apt  some- 
times to  lose  sight  of  the  form  of  the  solid  mineral,  and  of  all 
but  its  optical  characters.  The  powdered  rock  naturally  lends 
itaelf  to  the  isolation  and  oomptete  testing  of  its  constituents 
(p.  113). 

SoMi  Works  oh  PsiBOOKAPinr  and  BooK-ronircMO  Minkbalb. 
FoCQoi  and   L£v?.      MtD^rsJogie  Hioro^phique ;    Roohea  ^roplivea 
fmnqAJses.    2  vols. ,  tait  and  plates.    Quantin,  Pans,  1879.    (The  oolonred 
plates  Bhonld  be  oarefully  Btudied. ) 

Haskek.       PetrokiEy    for    Studenta       2i)d    ed.,    Cambridge,    1897. 

[EBpooiallj  dealing  with  microBcopio  charaotets,  and  thoroughly  modem.) 

*  Mimoira  de  la  Soc.  giol.  de  Fixmce,  2iiie.  serie,  t.  iv.,  p>  301. 


TRK   MIOB08COPX.  133 

HtrsSAK.  AnMtimg  Emn  Beatimmen  der  6«MeinbUd(indMi  Minoralien. 
Bng«linMm,  Leipqg,  1S8S. 

JuvEUZ.  Lea  Boohe*.  RoUwohild,  Puii,  1B84.  (Colound  platet  of 
inioToacopic  aeclionB. ) 

L4vT  M)d  L4OBOIZ.  (1)  L«a  MinJraDz  dea  Roohes.  Btradn,  FarU, 
188S.  (CoDluns  mi  admirable  pl&te  ihowing  the  application  of  NewtMi'a 
Ckilonr-Scale  to  nuneral-MictiQiu  in  polariaed  lignt.)  (2)  Tableau  dea 
Mindranx  dee  Roohea.  Baodrj,  Pari*,  1889.  <Referenae  tAblea  founded 
ea  abore  w<»^.) 


BoenravsCH.  (l)  Mikroskopisohe  Physit^rapliie.  2  toIo.,  3te.  Anflageu 
Koch,  Stuttgart,  1896.  (With  photographia  platea  of  minerals  aa  leea  in 
aectioni.)  (S)  EfUfetabeUen  mr  m^j-oskopisahen  Mineralbaetimm  nog. 
Koch,  Stuttgart,  1S88.  (Beferenoe-tablea,  tiuelated  by  Eat<ih.  Sonnen- 
echein).  (3)  Elemeate  der  Oeateinelehze.  mgele,  Stuttgart,  189B.  (An 
excellent  general  Tnannjl  ) 

RoentBrBOH  and  iBDmoB.  Hioroaoopical  PhysiMnapb;  of  Rook-makiiw 
Minerals.  4th  American  edition,  revieod.  Wiley,  New  York ;  ChapDUui  £ 
Hall,  London,  1900.  (Thd  photographa  in  tbe  original  work  of  Roaenboseh 
•re  reprodnced. ) 

RuiLKT.    (I)  Rook-fonning  minerals.    M 

Cgnide,   inoluding  the  higher  applioa 
lites  and  Greenstmiea.     Miirbjr,  1894. 


ZiKKKL.    Lebrbucb  der  Petrographie.     Ste.  Auflage 
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It  is  well  known  tb&t  soma  minerals,  each  as  ma^etite,  are 

rne  even  in  the  thinnest  seoticins  yet  prepared.  Henoe  their 
icters  most  be  studied  by  reflected  light,  wM<dk  may  con- 
veniently be  concentrated  on  their  surface  by  an  ordinary  con- 
denser on  a  stand,  or  by  fitting  up  a  pocket- 
lens  so  that  it  can  be  moved  about  upon  sn 
upright  rod.  The  annexed  sketch  {fig,  16) 
is  a  BUf^estion  for  such  a  contriv&noe ;  a 
etoat  brass  wire  is  fitted  into  a  steady  base, 
and  a  large  cork  alideo  up  and  down  upon 
it.  A  second  wire,  also  thick,  so  as  to  pre- 
■ent  a  sood  surface,  is  bent  at  right  angles ; 
one  end  is  thrust  through  the  cork  and  the 
other  carries  a  second  cork,  projecting  out 
sideways,  which  can  thus  be  moved  in  three 
directions.  A.  part  of  this  cork  is  cut  away 
■o  as  to  form  a  slit^  into  which  the  handu 

of  the  lens  fits  and  in  wbicli  it  is  held  by 

tightness.     The  same  sort  of  arrangement  p^  is, 

may  be  UHeful  for  holding  a  lens  in  varions 
positions  when  small  loose  objects  are  being  examined  by  tlits 
instrument  alone. 

The  characters  that  oan  be  studied  in  opaque  minerals  are  the 
form  of  the  sections,  the  colour  and  lustre  by  reflected  light,  the 
cleavages  (which  often  appear  as  black  lines  or  cracks)  and  the 
products  of  decomposition  that  occupy  the  oraoka  or  surround 
the  crystal. 

The  characters  of  irarulueent  minerals  may  be  separately 
treated  aa  follows  : — 

Form. — In  rock  sections  allotriomorphic  crystals,  or  those  that 
are  bounded  merely  by  abutting  against  neighbouring  forms,  are 
so  common  that  the  worker  is  at  the  outeet  apt  to  feel  discouraged. 
The  idiomorphio  crystals,  with  their  proper  boundaries,  in 
which  he  has  so  delighted  during  his  mineralogical  studies, 
are  found  to  be,  as  it  were,  interesting  curiosities  when 
compared   with   the   mass   of  the   orystalline  substances   wich 
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which  he  htis  to  deal  in  rooks.  But  he  soon  realises  that 
sufficient  traces  of  regular  outline  frequentlj  remain  from  which 
he  am  build  up  some  well-known  form;  while  in  the  lavas  a 
number  of  sections  are  so  sharp  and  satisfactory  that  he  can 
determine  the  angles  between  various  planes,  compare  one  result 
with  another,  and  picture  to  himself  the  complete  ciystAl  from 
some  ten  or  a  dozen  scattered  sections  in  a  slide.  For  the 
correct  appreciation  of  the  objects  thas  seen  <mder  the  microscope 
a  knowledge  of  the  solid  forms  of  miner^  and  mineral-aggre- 
gates is  obviously  necessary;  the  study  of  " micropetrology " 
becomes  otherwise  something  artifoial,  extra-natnral,  aiui  ia 
liable  to  be  looked  on  with  hesitation  by  workers  accustomed  to 
rock-masses  in  the  field. 

Just  as  no  mountain-mass  can  be  described  by  a  stranger 
from  a  number  of  hand-specimenB,  however  beautiful,  so  no  rook 
can  be  adequately  described  from  isolated  microscopic  sections. 
Again  and  agun  the  observer  will  pass  from  bis  seiction  to  the 
solid  specimen,  and  from  this,  in  memo^  at  any  rate,  to  the 
great  mass  of  which  it  formed  a  part  Even  in  his  choice  of 
descriptive  terms,  he  will  remember  that  nature  is  tridimensional, 
and  that  the  object  regarded  by  him  under  the  microscope  as  a 
"  plate  "  or  "lath"  may  be  of  considerable  thickness  in  a  direction 
perpendicular  to  the  section. 

Having  determined  by  a  series  of  optical  tests  that  certain 
sections  in  a  slide  belong  to  the  same  mineral,  some  iair  deduc- 
tions may  be  made  as  to  the  nature  of  the  solid  form.  A  fnnda^ 
mental  enquiry  is,  however,  how  has' the  rook-section  been  out 
with  regard  to  any  struotnral  peculiarity  of  the  masst  Thus  a 
foliated  rock  will  yield  elongated  and  even  wisp-Uke  sections  of 
its  minerals  if  cut  perpendicular  to  the  foUataoo-planes,  while 
more  or  less  expeoiaed  lenticular  forms  will  appear  in  slides 
prepared  parallel  to  these  planea.  A  rock,  again,  in  which  the 
miuends  nave  been  arranged  by  flow  may  ordinarily  show  a 
number  of  prismatic  outlines ;  yet  a  section  perpendicular  to  the 
direction  of  flow  may  r^resent  the  prismatic  rods  as  square  or 
almost  circular  areas,  suggestive  of  cubes  or  granules.  If,  finally, 
the  minerals  so  arranged  are  prisms,  the  three  axes  of  which 
difier  ctmsiderably  in  length,  Uie  minority  of  sections  may 
appear  as  fairly  short  "laths"  in  one  slide,  as  long  ones  in 
another,  and  as  broad  plate-like  forms  in  a  third.  The  annexed 
diurams  (fig.  17)  will  aid  in  making  this  matter  dear. 

when,  however,  the  rook-speoimen  presents  no  peculiarities  of 
structure,  when  in  all  aspects  it  looks  reasonably  similar  in 
constitution,  a   single   slide   will   enable   one   to  asoertoin  ths 
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general  forms  of  the  miiieralB  that  it  oontaina.  This  is  the  case 
with  most  granitic  and  miorogranitic  rocks,  and  with  vary  many 
of  the  lithoidal  laTsa.  In  these,  if  all  the  Bections  of  one 
mineral  appear  approximately  circular,  as  is  the  case  with  fflnall 
leucites,  garnets,  inc.,  the  true  form  most  be  gnuinlar  or 
spheroidal.  If  rectangular  sections  and  hexagonal  "  plates " 
ftre  associated,  we  are  dealing  with  a  miueral  that  crystallises  in 


Fig.  17. 

hexagonal  prisms.  If  square  sections  predominate,  with  a  few 
rectangles  uid  triaDgles,  the  true  form  is  likely  to  be  »  cubej 
if  hexagons  and  squares  abound,  coupled  with  optical  characters 
pointing  to  a  mineral  of  the  cubic  system,  that  mineral  has 
developed  in  rhombic  dodec&hedra  or  ootahedra.  Hexagons, 
puBzIing  at  the  first  sight,  are  thus  oommon  in  sections  of  well 
developed  magnetite.  The  icositetrahedron,  as  in  leuoite,  tends 
to  produce  octagonal  forms. 

In  the  case  of  ordinary  prisms  with  a  long  vertical  axis, 
optical  tests  must  its  a  rule  be  applied  before  they  can  be  referred 
to  one  system  or  another.  But  the  cross-sections,  and  espeoislly 
those  which  are  believed  to  be  perpendicular  to  the  principal 
axis,  must  be  very  carefuUy  studied,  and  special  slides  may  huve 
to  be  prepared  so  as  to  include  us  many  of  these  as  possible. 
The  angle  between  the  traces  of  the  prism-planes  is  <^  fiindar 
mental  value. 

In  the  measurement  of  angles,  the  oross-wires  and  graduated 
stage  come  into  service.  In  dealing  with  this  and  other  qnea- 
tions,  the  rotation  of  the  object  is  spoken  o^  since  the  description 
of  snoh  operations  can  easily  be  uwislated  by  those  who  work 
with  a  fixed  stage  and  rotating  eye-pieoe,  cross-wires,  and 
polariscope.  In  all  ordinary  inatmmeat^  then,  the  point  of 
junction  of  two  edges  of  a  crystal-section  is  made  to  coincide,  by 
moving  the  slide  apan  the  stage,  with  the  point  of  intersection 
of  the  cross-wires  m  the  eye-piece.  One  of  the  edges  is  then 
brought,  by  rotation  of  the  stage,  into  coincidence  with  one  of 
the  wires,  and  the  angle  indicated  by  the  index  on  the  margin  of 
the  stage  is  noted.  The  stage  is  then  rotated  until  the  other 
edge  in  question  coincides  with  the  same  wire.     The  angular 
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moTemeiit  imdergone  hj  the  stage  gives,  arooording  to  the  direo- 
tion  of  rotation,  either  the  angle  between  the  two  edges  or  the 
supplement  of  that  angle.  Of  oonne  if  the  two  edgea  to  be 
examined  are  separated  by  an  intervening  edge  or  a  broken 
part  of  the  oryatal,  their  point  of  intersectioD,  if  prodaoed,  can 
be  ai^roximately  fixed  hj  the  eye  and  brought  into  the  centre 
of  the  field. 

A  number  of  ■acb  measures,  and  a  number  only,  uoleas  special 
optical  tests  have  v'iven  proof  of  the  orystallographic  position  of 
the  Motion,  will  ultimately  give  a  very  good  idea  of  the  angle 
between  particular  fiioes  of  the  solid  form. 

While  the  best  evidence  of  the  presence  of  twin-crystala  lies 
in  their  efieot  on  poloriaed  light,  yet  the  re-entrant  angles 
ofaaracteristio  of  many  Buch  forms  occasionally  appear  in  sections. 
Crystals  are,  however,  so  often  grouped  together  in  irregular 
aggregates  that  re-entrant  angles  are  by  no  means  a  sure  sign  of 
twinnine.  Oocasionally,  as  in  the  litUe  ratHes  of  some  altered 
rocks,  t£e  whole  form  of  a  twin-orystal  can  be  made  out,  the 
geniculated  forma  being  in  thia  case  highly  oharscteristic,  lying 
as  they  do  embedded  in  the  thiokness  of  the  slide. 

The  outlines  of  oryeWs  often  become  injured  by  the  action  of 
the  fiised  vitreous  matrix  on  them.  This  oorroraon  takes  place 
mainly  on  the  sUT&ce  of  the  crystal,  as  in  quartz,  or  causes  the 
whole  interior  to  beoome  penetrated  by  gloss,  as  in  some 
pyroxenes  and  many  felspars.  The  ramifying  mesh  of  intruded 
gloss  shows  in  sections  ss  a  number  of  apparently  isolated  knots 
and  "enclosures;"  but  careful  tracing  of  their  origin  among 
many  examples  proves  that  they  are  in  reality  connected  with 
one  another  by  delicate  filaments  or  sheets  of  the  same  material 
(see  figs.  36  and  37).  Stresses  set  up  either  during  or  afler  the 
consolidation  of  a  rook  will  also  tend  to  destroy  the  original 
ouUine  of  crystals.  They  may  thus  be<!ome  broken  and  even 
ground  to  powder,  or  deformed  and  drawn  out  into  almost 
nnreoognisable  wisps. 

Still  more  interesting  and  remarkable,  however,  is  the  evidenoe 
afforded  by  the  microscope  of  the  reoonstruction  and  growth  of 
crystals.  Thus,  by  additions  made  at  periods  long  snbseqnent  to 
tiie  consolidation  of  the  rock,  worn,  injured,  or  imperfect  crystals 
may  be  restoied  or  raised  to  more  or  less  perfect  forms.  In 
other  oases,  the  additions  may  be  made  to  porphyritic  crystals 
during  the  final  consolidation  of  an  igneous  rock.  The  htera- 
ture  of  this  "r^enaration  of  crystals"  bos  grown  of  late  years. 
The    reader    should    consult  a   paper  by   Fro£i   J,    W.  Judd, 
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**0n  the  growth  of  cr^Btals  in  igaeooa  rocks  after  their  eoo- 
aolid»tioi»'*^{l2wort.  Joum.  0«ot.  Soc.,  toL  xIy.  (1889),  p.  17B). 

We  figure  here  two  examples  (fig.  IS),  one  of  felspar  and  one 
of  hornblende ;  in  the  latter  case  the  interepaoea  between  injured 
and  shifted  crystals  have  been  filled  up,  as  it  were,  by  healing 
material,  wbioh  but  similar  cleavages,  and  which  is  optically 
continuous  with  the  original  material  on  one  side  of  the  crack  or 
on  the  other. 

Cleavage.  —  The  move- 
ment of  crystals  in  rocks, 
and  the  stresses  to  which 
they  are  subjected,  tend  to 
reveal  the  cleavage  of 
minerals  by  producing  on« 
or  more  series  of  tairly 
regular  craoks.  In  sections 
these  are  dlBtingoiBhed 
without  much  difficulty 
from  the  more  irregular 
lines  of  fracture  that  tra- 
verse almost  all  the  min- 
erals. Decomposition  often 
starts  from  the  cleavage- 
planes. 

The  cleavage^jracks  are 
more  or  less  clearly  de- 
veloped aooording  to  the 
idtaraoter  of  the  mineral, 
and  tbis  &ot  is  of  deter- 
minative value.  Thus  the 
cleavage  of  epidote  is 
cleaner  and  sharper  than 
that  of  pyroxene ;  the 
rectangular  deavi^e-sys- 
tem  of  olivine  is  very  rarely 
apparent;  quartz  ezhibltB 
no  deavage,  wbile  felspar 
commonly  does  so  in  a  very  regular  manner.  An  oblique  illu- 
mination and  a  high  power  often  prove  a  mineral  to  be  cleaved 
whicb  otherwise  appears  uniform  and  unbroken. 

An  appearance  of  cleavage  under  the  microsot^,  and  actual 
Kparation  into  lamelln  in  the  mineral  specimen,  ohan.  arise  from 
the  development  of  minute  platy  products  along  "lolntion- 
planes"  in  the  crystal.      Tbis   "pseudo-cleavage,"  a  character 


F!g.  18.-0,  PUgiooIue  mdolerito— l^-ne- 
monthDyke,  Northnrabwlaod.  x  li. 
NicoU  eroufd.  The  or;«tal  hu  been 
enlsTRed  by  seoondacy  ontgrowtlu 
into  tb.9  homicryBtalline  gnniDdauu*, 
and  the  repeated  twinniiw  haa  been 
•xaotly  repifNlDoed.  (,  Hornblende 
in  diorite-— ftear  Granda  Hnlet^  Mt. 
Blanc  M  40.  Tbe  brown  ciystaU 
Appear  to  hftve  been  abifted  onft 
Agiiinst  the  other,  and  the  intervening 
bregolu'  oreai  have  become  filled  op 
by  oalourlesB  seoondary  ontgrowtha 
from  one  side  or  tbe  other  in  con- 
tinoity  with  the  original  eryataU. 


OHARACTUtS  TO   BS  0B8IRTKD  IN   BOOK-eBOTIOtTB.  139 

snperindaced  bj  Alteration,  is  very  marked  in  tiie  oiihopino- 
eoidal  separatioii-planea  of  diallag& 

Encloenres. — Though  a,ny  mineral  may  take  up  at  the  time  of 
its  formation  enclosorcB  of  the  matrix  &om  which  it  ia  derived, 
or  may  ahnt  up  within  itself  pre-existing  crystals,  yet  the  nature 
and  arrangement  of  snch  encloanres  ahonld  be  carefully  studied. 
The  regularly  grouped  plates  already  referred  to,  which  there  is 
excellent  reason  for  classing  as  secondary  prodnots,  will  be  dealt 
with  below  under  the  head  of  "  Schillerisation ;"  bat  in  additdon 
to  them  there  are  often  orystalUne  or  amorphous  bodies,  and 
minute  caritiea  containing  gas,  liquid,  or  glass,  which  may  have 
been  included  at  the  time  of  consolidation. 

GlasB^ncloBures  containing  bubbles  may  frequently  be  dis- 
tinguished from  liquid-enclosures  by  the  immobility  of  me  bubble 
and  the  occurrence  of  cracks  or  products  of  deritnfication  in  the 
olear  Bubetance  surrounding  it. 

Ltquid-encloiures  occur  in  various  minerals,  and  are  especi- 
ally abundant  in  the  qaartn  of  granitic  and  metamorphosed 
rooks.  They  should  be  studied  with  a  power  magnifying  ffOO 
diameters,  and  the  smallest  will  be  found  to  possess  the  most 
active  babbles.  In  the  case  of  some  larger  ones,  the  movement 
of  the  elide  will  cause  the  babble  to  shift  its  position  and  thna 
prove  the  liquidity  of  the  material;  but  as  a  rule  it  is  the  miauta 
enclosures  which  will,  after  a  little  practice  in  observation,  repay 
the  worker  in  a  brilliant  and  most  satisfactory  way.  Gentle  heat- 
ing of  the  section  will  often  aid  in  bringing  about  the  unstable 
conditions  which  cause  the  movement  of  the  bubbles.  When  the 
liquid  has  originally  been  a  saturated  solution,  crystals  may  have 
separated  out  in  it  as  it  passed  into  a  cold  condition  (fig.  19,  b). 

Ample  observations  have  been  made  of  late  years,  and  may  be 
repeated  in  any  good  collection  of  sections,  to  prove  that  Uquid- 
enelosures  often  arise  in  minerals  by  solution  acting  within  them 
long  after  they  have  consolidated.  It  seems  impossible  otherwise 
to  account  for  the  strings  and  bands  of  "  enclosures "  that  run 
oontinuoutly  from  grain  to  grain  in  some  altered  sandstones 
(qoarUdtes^  or  in  tiie  secondary  quartz  filling  the  cavities  of 
ancient  lavas  (fig  19,  a).  Indeed,  the  more  the  problem  of 
crystal-growth  and  crystal-dissolution  is  studied,  the  more 
d&cult  it  becomes  to  point  to  this  structure  or  that  as  un- 
doubtedly fundamental  and  original. 

SohllleriBation.* — In  addition  to  the  enclosures  of  glass  and 

*See  Prof.  Judd,  "On  the  Tflrtiary  and  older  Feridotites  <rf  Scotland.' 
Quart.  Jmara.  Choi.  Soc,  voL  zli.  (1886),  p.  383;  abo  MineraUgical  Stag., 
ToL  viL,  p.  81. 


140 


OUAB&CTEBB  I 


BK  OBSEBTED  IIT  R0CK-8B0TI0NS. 


liquid,  which  are  occasion&llf  seen  under  the  loicroscope  to  poBsess 
regular  outlines,  and  to  represent,  in  fact,  the  infilling  of  aecRtive 
crystals,  there  are  included  in  certain  minerals  a  host  of  Bodies 
that  similarly'  owe  their 
form  to  the  crystalline  sub- 
stauoe  round  them.  The 
stages  in  the  development 
of  these  minute  plate-like 
"  enclosures "  have  heen 
worked  out  in  a  series  of 
papers  W  Prof  Judd  in  the 
Quarterly  Journal  of  the 
GeologiaJ,  Society  and  the 
Mineralogical  MagaeiTis. 
The;  have  long  been  known 
in  sections  of  the  massive 
hyperathene  of  Paul's 
Island,  and  have  been  con- 
jectnrally  referred  to  vari- 
ous mineral  substances. 
Prof.  Judd  regards  them 
as  secondary  developments 
of  "mixtures  of  various 
oxides  in  a  more  or  less 
hydrated  condition,  such 
as  hyalite,  opal,  gbthite, 
and  limonite."  Thejappear 
with  marginal  ramifioa- 
tiouB,  or  with  one  or  more 
definite  edges  developed, 
or  finally  as  accurately 
bonnded  negative  crystals. 
The  planes  of  chemical 
weakness  alon^  which  they 
are  produced  beoome  lus- 
trous, as  in  hypersthene  or 
diallage ;  they  also  impart 
the  well  known  play  of 
colours  to  the  sur&ces  of  certain  felspars.  This  character  of 
minerals,  termed  tehilhr  by  Oerman  writers,  has  led  Prof.  Jndd 
to  introdnoe  the  word  "schilleriaation"  for  the  process  by  which 
the  minute  plates  are  developed.  In  studying  the  characters  of 
various  mineral  species  under  the  micrcwcope,  we  shall  see  the 
importance  attaching  to  certain  well-marked  s<^iillerisad  types. 


Fig.  19.— a.  Quartz  in  altered  rhyalite— 
Digoed,  near  Ponnmolino,  N.  Wales. 
X  40.  The  granular  quartz  is  of 
■econdarj  origin,  ocoupying  a  cavity; 
Uqnid-encloBuriB  have  developed  m 
itringi  which  mn  cootinuoiuly  from 
groin  to  grain,  provinir  tliat  tbey  are 
posterior  to  tbe  quartz,  b,  Liqnid- 
encloauret  with  babbles  ud  cubio 
cryatala  separated  from  the  super- 
saturatnd  solution.  In  quartz  of 
tourmBline-Kramte — Qreat  St^ile  Tor, 
Dartmoor.  x  320.  c,  Sttaiotare* 
produced  by  Bchillerisation  in  Isbra- 
dorite  —  Labrador.        x  30.      Three 


»  of  regularly  arraiiged  plates  are 
seen  in  all  atages  <if  development. 
The  plat«B  praotioally  perpeodioQlar 
to  the  section  appear  as  thin  lines. 
Bands  of  liquid-enolosures  also  tra- 
vene  the  crystals,  bnt  not  along 
r^nlar  planes. 
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It  must  be  noted  that  the  parallelisni  of  the  products  of 
soliilleriBatioii  can  be  observed  only  in  sectionB  aorosa  the 
BolutioD-planes  on  which  they  are  developed.  Thos  Bome  aeotioos 
will  show  ooly  a  few  scattered  negative  crystals,  like  little  platea 
lying  apparently  hap-bazard.  But  some  other  section  of  the 
same  mineral  will  snow  these  plates  edgewise,  when  t^ey  will 
resemble  lines,  and  the  regularity  of  their  disposition  will  be  at 
once  apparent  (fig  19,  e). 

A  mineral  may  become  schiUeriaed  throughout,  or  the  pheno- 
menon may  appear  only  in  patches.  Attention  ia  commonly 
called  to  it,  even  under  a  1-inch  power,  by  the  foot  that  the 
prodnote  are  coloured,  being  often  pink-brown  or  transparent  red. 

Zoned  Stracture.— -Orystala  are  often  seen  to  be  boilt  up  of 
suoceasively  formed  layers,  producing  concentric  zones  in  sections. 
The  slight  differences  in  composition  that  may  occur  in  adjacent 
cones,  and  the  consequent  difference  of  refractive  index,  causes  a 
fine  line  of  junction  to  appear  between  them,  especially  when 
the  light  is  sent  obliquely  from  the  mirror.  These  zonal  lines 
are  parallel  to  the  outlines  of  the  crystals,  and  must  be  distin- 
guished from  cleavage-crocks  or  the  composition-plooes  of  twin- 
OTystals,  which  will  lun  right  across  the  crystal  parallel  only  to 
certain  planes. 

The  surfaces  of  the  successive  coats  by  which  a  crystal  may 
be  thus  built  up  may  become  covered  with  foreign  particles, 
which  will  appear  as  zonally-arranged  enclosures  in  the  sections. 
Polarised  light  may  also  reveal  zoned  structure,  owing  to  occa- 
sional diSerences  of  optical  behaviour  in  the  various  zones.  * 

Refractive  lodez. — Since  Canada  balsam,  the  medium  com- 
monly employed  in  the  mounting  of  rook-sectdons,  has  a  maxi- 
mum refractive  index  of  1649,  or,  in  practice,  of  1-640,  light 
passes  freely  from  it  to  the  interior  of  minerals  having  a  similar 
indfx,  and  from  these  again  to  the  upper  film  of  balsam.  They 
thus  appear  cleHr  and  with  smooth  surftuea.  Quarts,  with  a 
refractive   index    of   l'K47,    is    an   exoellent   example   of  this 

But  many  other  substances,  with  higher  mean  indices  of  re- 
fraction, exhibit  the  roughnesses  and  irregularities  of  their 
ground  surfaces  where  the  light  paasea  frttm  them  to  the  balaam 
or  the  reverse.  The  mirror  should  be  set  obliquely,  or  a  stop- 
lens  may  be  used.  It  is  quite  as  convenient  to  place  the  finger 
a  little  below  the  aperture  of  the  stage,  so  that  the  light  reaching 
the  section  oonsista  of  the  oblique  rays  from  the  margin  of  the 
mirror  only.  Qamet  will  show  this  "  pitted  "  oBecb  in  a  most 
*  Sas  on  tbii  mattar  Uty  and  Lurois,  Let  Mhiinmx  du  Bodu*,  p.  BS. 
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conspicuous  Rianner.  Where  a  mineral  of  higb  refractive  index 
is  Burrouud«d  hj  others  of  a  lower  index,  its  boundaries  will 
appear  as  sharp  and  dark  lines,  and  it  will  seem  to  stand  out  in 
relief  on  the  surface  of  the  section. 

Minerals  with  a,  refractive  index  much  lower  thoo  that  of  th« 
balsam  are  rare,  but  will  of  courae  exhibit  the  same  effect.  The 
average  index  of  refraction,  which  is  that  quoted  later  in  the 
description  of  the  minerals,  is  arrived  at  from  a  determination 
of  the  three  principal  indices  of  the  crystal,  the  figures  being 
those  given  by  MM.  L^vy  and  Lsoroix  in  their  Tableaux  tUt 
Minirattx  des  Bochea.    (See  p.  87.) 

Dr.  F.  Beoke  ("TTeber  die  BeBtiminbarkeit  dor  Gesteins- 
gemengtheile  auf  Grnnd  ihres  LichtbreohongsvermiigenB," 
8itzungib«r.  dtr  k.  Akad.  d«r  Wiwefutk.,  Vienna,  Bd.  oiL,  1S93, 
p.  358)  has  given  ua  a  moat  refined  and  practical  method  of 
determining  whether  a  mineral  in  a  rook-sectiou  is  of  higher  or 
lower  refractive  index  than  an  adjacent  mineral,  or  than  the 
balsam  in  which  the  section  is  embedded  (see  Ij^vj,  DSterm.  dot 
Feidtpalha,  pp.  59-63).  The  line  of  junction  between  the  two 
minerals,  or  between  one  on  the  edge  of  the  section  and  the 
balsam  round  it,  is  accurately  brought  into  focus.  &  fairly  high 
power  should  be  used.  The  light  should  be  thrown  up  obliquely 
frum  the  mirror;  or,  as  M.  li^vy  prefers,  the  oenverging  lenses 
-are  employed,  a  diaphragm  being  added  below  them  to  out  ofl' 
all  but  the  rays  from  the  central  area.  The  common  mirror, 
however,  acts  well  in  most  cases. 

The  rays  that  come  up  through  the  substance  of  higher 
refractive  index,  and  strike  its  surface  of  junction  with  the 
adjacent  substance  at  on  angle  lower  than  that  of  total  reflection, 
are  all  totally  reflected,  and  are  accumulated  on  the  side  of  the 
substance  of  higher  index.  When  the  objective  is  slightly  - 
raised,  a  bright  band  is  seen  on  that  side — i.e.,  within  Ute 
border  of  the  substance  of  higher  index.  Lmmr  the  objective 
below  exact  foeua,  and  the  rays  seem  to  come  from  the  other 
side — i.e.,  the  bright  border  lies  in  4^e  substance  of  lower  re- 
fractive index  (the  two  uses  of  the  word  "  lower "  make  the 
matter  easy  to  remember). 

This  observation  detects  differences  of  index  as  small  as  '009, 
and  is  capable  of  many  practical  and  even  elaborate  applications, 
especially  among  the  felspars  and  the  felspathoids. 

Colour  In  0r<3nary  Light.— This  character  is  nattirally  dimin- 
isbed  in  importance  by  the  thinness  of  the  section ;  and  the 
caution  previously  given  as  to  the  colour  of  minerals  in  mass  is 
-even  more  necessary  here.     Red  felspars  and  bronze-like  micas 
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irill  becomo  oolourlesB  in  ordinary  iootdoDa ;  grosB-greea  aotinolite 
may  behave  aimilariy,  while  oommon  horablende  retains  tinta  of 
IpreoQ  or  brown.  In  the  case  of  minerals  like  the  felspars  above 
mentioned,  where  the  oolour  is  due  to  alteration,  tbe  transmitted 
light  should  be  cat  off  and  the  section  examined  by  light  reflected 
from  its  surface.  Cloudy  products  will  often  thus  become  visible, 
which  impart  their  colour  to  the  mass. 

The  phenomenon  of  pleochroiam  referred  to  on  p.  89  naturally 
has  conaidarabie  effect  upon  the  colour  of  thin  sections.  The 
variability  of  the  foce-oolonrs  in  the  same  crystal  will  oauae 
striking  differences  in  the  appearance  of  a  mineral  according  to 
the  direction  in  which  it  is  traversed  by  the  secldoa.  Thus 
hornblende  may  be  dark  green  and  pale  yellow-green  in  the  same 
slide,  and  biotite  will  be  of  various  tinta  from  straw-yellow  bo 
rich  red-brown. 

Azls-pleochroism  (aee  p.  90). — The  light  emerging  fnon  a 
Nicol's  priam  is  regarded  aa  vibrating  parallel  to  the  shorter 
diagonal  of  the  prism.  If  we  send  thia  light  from  the  prism 
through  a  section  of  a  doubly  refracting  crystal,  other  than  one 
perpendicular  to  an  optic  axis,  it  will  be  broken  up  into  two  sets 
of  raya,  unless  the  plane  of  its  vibration  is  parallel  to  one  of  the 
vibration-tracea  of  the  crystal-aeotion.  It  will  in  the  latter  case, 
however,  give  ua  a  pure  axis-colour  for  the  mineral  section  dealt 
with ;  and,  if  this  section  has  been  cut  so  aa  to  include  the  vibra- 
tion-directions of  the  fastest  and  slowest  raya  in  the  crystal, 
the  asds-colour  thus  observed  will  be  one  of  those  required 
in  describing  the  oharacters  of  the  pleochroiam  of  the  mineral. 
On  rotating  the  aeotion,  or  the  nicol,  through  90°,  the  other 
extreme  axis-colour  will  be  observed. 

The  mere  fact  that  a  mineral  is  pleochroic  in  its  thin  sections 
is  of  great  determinative  value.  The  polariser  ia  brought  into 
play  beneath  it  and  rotated ;  or  the  crystal-aection  is  rotated  by 
means  of  the  stage  above  the  polariser.  If  any  change  of  tint  is 
observable,  the  mineral  is  dichroic  or  trichroic,  aoooi^ng  to  the 
system  in  which  it  oryatoUiseB ;  commonly  it  is  said  to  be 
pleochroic.  It  is  obvious  that  tjie  most  intense  pleochroic 
changes  will  be  seen  in  sootions  that  contain  the  vibration- 
directions  of  the  fastest  and  slowest  rays  in  the  cryataL  An 
extreme  caae  is  that  of  tourmaline,  where  the  plane  polarised 
light  undergoes  in  thicker  sections  almost  complete  absorption 
when  vibrating  in  a  direction  perpendicular  to  the  principal 
crystallographic  axis.  In  biotite,  again,  aections  perpendicular 
to  the    basal  plane  are  extoemely  pleochroic^   the   maximum 
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absorptioa  ooourriDg  nader  the  same  oonditiona  as  m  tour- 
maline.'* 

On  the  other  hand,  the  oooarrence  of  non-pleochroio  seotious 
ia  no  proof  that  the  mineral  itself  is  not  pleochroio.  Where 
there  ia  only  »  slight  diSerence  between  the  velocity  of  rays 
vibrating  respectively  p«ralle)  to  the  two  Tibratiou-tnoet  of  the 
section,  the  azis-oolonrs  for  this  section  may  be  indistinguish- 
able ;  and  where  no  double  refraction  oecars,  pleochroism  will 
be  entirely  absent.  Thns  basal  sections  of  biotite  show  no 
pleochroism,  however  intense  it  mny  be  in  obliqne  or  vertical 
sections;  and  the  same  mnst  be  true  of  all  basal  sections  of 
indubitably  tetragonal  or  hexagonal  minerals. 

Hence,  when  in  the  following  pages  the  pleochroism  of  a 
mineral  is  stated  to  be  strong  or  intense,  the  remark  refers  to 
its  average  character  in  hap-hiuard  Boctions,  the  true  maximum 
intensity  being  looked  for,  as  already  stated,  in  special  sections 
(see  p.  143),  and  tbe  efieots  being  liable  to  great  variation  in 
sections  of  the  same  mineral  lying  in  the  same  slide. 

In  some  colourless  minerals,  snch  as  calcite,  the  difference  of 
absorption  for  rays  vibrating  in  different  directions  may  be  so 
great  that  a  twinkling  effect  is  produced  on  the  rapid  rotation 
of  the  polariser  beneath  the  sectioii,  by  which  means  such 
minerals  may  easily  be  picked  out. 

The  simple  mode  of  observation  of  axis-colours  by  uieaos  of 
the  single  nicol  was  introduced  by  Tschennak  in  1869. 

Doable  BefhlcUon. — If,  however,  we  insert  the  analyser  as 
well  as  the  polariser,  cross  the  nicols,  and  thus  observe  the 
mineral,  we  frequently  see  colours  produced  which  are  due  to 
double  refraction  in  the  crystal  and  tbe  interference  of  the  rays 
of  the  two  groups  when  brought  to  one  plane  of  vibration  in  the 
analyser.     The  strength  of  the  double  refraction  is  expressed 

*  When  the  absorption  in  so  gtekt  as  ta  canae  the  light  emerging  from 
the  0T7itiJ-i«atiaii  to  coaeiat  prsctiniJI;  of  one  and  not  two  seteol  lays,  tha 
ether  aet  being  arrested,  as  in  the  oue  at  pUtea  of  tourmidine,  >  eorioui 
eSeot  nay  btconie  noCitwable  when  aiu-pleocbroiam  ia  being  obaerred. 
The  lower  uicol  and  the  aburbine  mineral  oiaj  aot  together  aa  a  txxDplsta 
polariacope ;  bmoe  if  tbe  slide  ia  thick  enoogh  to  allow  of  the  pBsaanoa  of  a 
dcnbly-ref  rsoting  mineral  between  the  polariser  and  a  layer  of  tue  abaorbiog 
•rystal,  interferenoe-oolonrs  will  be  aeen  at  this  point  without  tbe  ioterpMl- 
tion  of  the  upper  nicol.  This  effect  ia  often  brilliantl  j  seen  where  the  edgea 
of  biotite  or  tonrmaline  overlap  qaojts  or  felapar  In  the  aection.  If  Uia 
sUde  ia  rotated  nntil  the  miDeral  acting  as  analvaer  is  at  ita  daikeat,  tha 
•ffsatduetooroaacdniooliisprodnoBd;  Qua  ma]r  be  tested  l^  iiwerting  the 
true  analyaer  above,  when  the  oolenr*  alieadj  seen  will  remain  nnaltared, 
ahowing  that  the  light  haa  been  already  "anBl7aed,''andtharafoM  ooanea 
tittoogh  the  npper  niool  without  fnrtber  change. 

Dci-zecb,  Google 
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mmericallj  by  7  —  ec  (aee  p.  87),  and  the  ooloan  Kre  high  in 
ITewton's  scale  if  this  figure  is  large,  say  040,  and  low  if  it  is 
■mall,  bb;  'COD.  A  mineral  ^ving  high  colours  ie  said  to  have 
rtrong  doable  re&aotion,  the  low  colours  indicating  weak  doable 
refractioD.  These  oolonrs  will  also  depend  oa  the  thickness  of 
tlie  sectdoQ,  and  on  the  direction  in  which  it  haa  traversed  the 
cryatal ;  their  intensity'  will  depend  on  the  poaitioii  of  the 
vibratdon-traoei  of  the  section  with  regard  to  tne  diagonals  of 
the  nicola. 

Kratly,  then,  for  oompantive  pnrpoaes  sectioni  should  be  of 
•qual  thickness. 

Seoondty,  the  most  distinctive  effecta  are  gained  from  aeotions 
tiiat  contain  the  vibration-traoes  of  the  &8teBt  ray  and  the 
•lowest  ray  in  the  crystal. 

Thirdly,  the  in».Tiiiiiiiii  brilliance  of  colonr  in  any  cryatal- 
■ection  is  obtained  when  the  ribration-traoes  are  at  46*  with 
the  diagonals  of  the  nicols. 

The  thicker  the  section  of  a  mineral,  the  higher  the  colour 
yielded  by  it  between  crossed  nicols ;  bat,  in  ordinary  thin  seo- 
tions.  miaerals  of  strong  double  refraction  may  easily  be  picked 
out  from  thoM  of  weak,  by  the  differeuce  ot  the  tints  exhibited. 

ExtinoUon. — Bat  it  is  obvioos  that  when  the  vibration- traces 
in  the  crystal-seotion  lie  parallel  to  the  vibration-planes  or 
diagonals  of  the  nicols,  no  double  refraction  will  oocur.  The 
Tsys  from  the  polariser  traverse  the  crystal-section  without  being 
divided  uid  rotated  ;  hence  they  reuch  the  analyser  anchaiured 
and  are  totally  rejected,  jnet  as  if  no  mineral  intervened  The 
aeotion  appearg,  therefore,  dark  ;  it  has  andergone  extinction. 

The  Tjtwation-traces  in  a  orystal-eeoticn  being  always  at  right 
angles  to  one  uiother,  the  section  will  beoraie  dark  in  fonrposi- 
tioDB  90°  apart  daring  rotation  between  crossed  nicols.  Tnese 
positions  of  extinction  show  us  then,  oonversely,  the  poeitiona  of 
the  vibration-traces  in  the  section,  and  may  be  stated  as  occurring 
•o  many  degrees  away  from  some  known  line  in  the  crystal 

For  we  reading  of  angles  of  ezticctlon  certain  cryat^lographic 
directions  are  selected,  snch  as  the  vertical  axia — often  indicated 
by  cleavage— or  the  edge  formed  by  the  intersection  of  two  par^ 
tionlar  planes.  This  selected  direction  is  set  parallel  to  one  of 
the  oroas-wirea  of  the  eye-piece,  and  the  reading  of  the  graduated 
circle  ia  taken.  The  stage  is  then  rotated  until  the  crystal  is 
at  ita  maximum  darkness,  and  the  angle  through  which  it  has 
been  moved  gives  a  measure  of  the  position  of  extinction. 
In  aoQOStoming  the  eye  to  correctly  estimate  this  position, 
it  is  veil  to  take  readings  daring  a  complete   rotation,  the 
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figureB  recorded  differing,  if  the  obBervations  are  oocurate,  by 
exactly  90°. 

It  anould  be  noted  that  sections  perpendicnlar  to  an  optio 
axis  of  a  biaxial  oryatal  do  not  become  extingnisbed  daring  a 
FotatioD ;  BDch  eections  may  easily  be  tested  by  the  use  of 
convergent  polarised  light  (p.  161).  There  are  also  some  few 
minerals  io  which  the  optic  axes  for  light  ot  different  colours 
differ  widely  in  position,  or  even  lie  in  different  planes.  Hence 
the  position  of  the  bisectrices,  which  control  the  angles  of  ex- 
tinction, cannot  be  stated  for  ordinary  white  light,  and  sections 
may  be  rotated  between  crossed  nicols  without  at  any  time 
becoming  actually  extinguished. 

Various  optical  aids  have  been  applied  to  the  measurement  of 
eztinctioDB.  Thus  a  quartz  plate  Kiving  a  particular  tint  between 
the  nicols  is  sometimes  inserted  aliove  the  slide.  As  long  as  the 
directions  of  vibration  in  the  crystal-section  deviate  from  those 
of  the  lower  nicol,  so  long  will  the  crystal  impart  a  new  tint  to 
that  part  of  the  quartz  plate  which  lies  above  it.  But  when  the 
poaition  of  extinction  is  reached,  tbe  action  of  the  crystal  is  nil, 
and  the  whole  quarts  plate  resumes  its  uniform  colour.  It  is 
believed  to  be  easier  to  judge  of  the  uniformity  of  colour  than 
of  the  appearance  of  maximum  darkness  in  the  ordinary  way. 
Certainly  the  Bertrand  eye-piece,  a  development  of  this  method, 
is  very  delicate  »ud  satis&ctory  in  use.  The  quartz  plate  is 
mode  of  four  separate  sectors,  meeting  at  the  centre  of  the 
field,  two  of  them,  through  circular  polarisation,  rotating 
the  ray  to  the  right,  and  the  alternate  ones  to  the  left, 
the  fbor  having  between  crossed  niools  precisely  the  same 
tint.  A  crystal  placed  with  regard  to  the  polarioer  in  any 
other  position  than  that  of  extinction  imparts  opposite  oolonrs 
to  the  alternate  sectors  when  brought  into  the  centre  of  the 
field;  and  its  vibrationtracee  are  parallel  to  the  diagonals 
of  the  lower  nicol  when  the  oolour  of  the  foor  sectors  is 
teetored. 

In  meaanring  the  angle  of  extinotion,  every  r^^ard  must  be 
had  to  the  direction  in  which  the  section  has  been  cut.  The 
most  important  coses  to  consider  are  those  in  which  the  form  is 
prismatic  and  the  section  is  judged  to  be  parallel  to  the  principal 
axis  of  the  crystal. 

In  the  tetragonal  and  hexagonal  systems,  all  sections  from  tbe 
prismatic  zonf  will  become  extinguished  when  their  principal 
axis  is  set  upright  in  the  field  between  crossed  nicols,  and 
therefore  also  when  this  is  placed  horizontallv.  Snch  cases, 
where  the  direotiona  of  extinction  are  parallel  to  the  edges  of  the 
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rect&ngular  seotiona,  and  thus  to  the  axes  of  form,  are  said  to 
posseaa  Straight  extinctioii. 

In  basal  aeotions  of  crystals  of  these  two  systems,  the  velocity 
of  rays  ribrating  in  all  directions  is  equal,  and  honoe  no  offeot  is 
produced  on  polarised  light  Such  sections  are,  in  fact,  perpetu- 
ally extinguished  between  crossed  nicols. 

In  the  rhombic  system,  all  sections  from  the  prismatic  zone 
possess  straight  extinction. 

The  base  and  all  macrodome  and  brachydome  planes,  though 
not  necesearily  rectangolar  in  outline,  extinguish  parallel  and 
perpendicular  to  the  traces  of  the  pinacoids  when  these  are 
present,  or  to  the  axes  of  symmetry  of  the  aeotione  when  they 
are  bounded  by  traces  of  other  planes.  The  straight  extinction 
of  all  possible  sections  of  the  prismatic  zone  is  a  very  distinotiva 
character, 

In  the  monoclinic  system,  the  only  section  of  the  priamatio 
zone  that  posaessea  straight  extinction  ia  that  parallel  to  the 
orthopinacoid.  Hence  all  ordinary  vertical  sections  show  oblique 
flxtinctioD,  which  ia  commonly  measured  from  the  direction  of 
the  principal  axis,  as  indicated  by  the  traces  of  other  planes  of 
the  prismatic  zone  or  of  the  vertical  cleavage-planes.  The 
inclination  of  the  direction  of  extinction  to  this  vertical  line 
increases  gradually  as  the  section  departa  from  the  orthopinacoid 
and  approaches  the  clinopinacoid.  Since  in  the  latter  plane, 
however,  it  may  amouut  to  only  some  4*  or  5°,  certain  mono- 
dinio    minerals    may   be    set  down    on    hasty   observation  as 

The  orthodomes  and  the  basal  plane  behave  like  the  domes 
and  base  in  the  rhombic  system,  but  the  clinodome  extinguiahea 
obliquely. 

In  the  trietinio  system  there  is  no  fixed  relation  between  the 
directions  of  extinction  and  the  axes  of  crystallographic  form. 

Optlesl  SigiL^When,  by  observation  of  the  directions  of 
extinction,  the  directions  of  the  vibration-traces  in  a  section 
have  been  found,  it  often  beoomes  of  importance  to  determine 
which  of  these  belongs  to  the  fast  and  which  to  the  slow  ray. 
By  the  use,  moreover,  of  several  sections  of  a  biaxial  mineral, 
the  relations  of  its  principal  vibration-directions  (corresponding 
to  rays  of  greateat,  mean,  and  least  velocity)  to  the  crystallo- 
graphio  axes  may  be  determined.  The  importance  of  theae 
points  for  determinative  purposes,  in  the  caae  of  minerals  other- 
wise resembling  one  another,  may  be  seen  from  the  remarks  on 
p.  88. 

Ths  only  means  of  determining  the  character  of  the  vibration* 

Google 
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directionB  to  which  w«  need  here  refer  is  that  mTolviikg  the  use 
of  the  quartz  wedge.  This  ia  so  cut  that  its  longer  axis  is 
parallel  to  the  optic  axis — i.e.,  to  the  longer  axis  of  the  optical 
iodicstrix — of  the  original  ciystal  of  quartz.  The  slowest-ray 
vibration-trace  is  tbus  parallel  to  the  length  of  the  wedge,  and 
the  fasteet-ray  trace  perpendicular  to  it.  When  the  wedge  is 
placed  with  these  traces  at  45*  to  the  diagonals  of  the  crossed 
iiiools,  and  is  moved  over  the  field  of  the  microscope  between 
them,  a  series  of  bonds  of  oolour  will  be  seen  crossing  it,  rising 
in  Newton's  scale  towards  its  thicker  end.  These  are,  of  course, 
the  interference-colours  due  to  the  particniar  thickness  of  the 
wedge  at  any  point ;  their  cause  is  admirably  stated  in  Groth's 
Phyaikalitche  KryataUographie,  ed.  3,  pp.  33-44. 

For  the  determination  of  the  nature  of  either  of  the  vibration- 
traces  iu  a  crvBtal-aeotion,  the  section  is  placed  in  a  position  of 
extinction  and  then  rotated  through  45°.  The  quartz  wedge  is 
then  moved  above  it,  either  across  the  stage  or  through  a  special 
slot,  so  that  the  lon^  direction  of  the  wedge  lies  pnrallel  to  the 
direction  of  extinction  that  has  to  be  determined  in  the  crystal. 
If  this  direction  is  also  the  slow-ray  vibration-trace  in  the 
section,  the  colour  due  to  the  quartz  wedge  will  rise,  as  if  tlie 
wedge  became  thicker  where  it  overlay  the  crystal.  If,  on  the 
other  hand,  the  direction  is  the  fast-ray  vibrationtrace,  the 
colour  will  he  lowered,  and  sooner  or  later,  as  the  wedge  con- 
tinues to  be  inserted,  eompentation  or  blackness — usually  a  grey 
efiect — will  result.  If  the  wedge  is  still  further  inserted,  the 
colours  which  the  niineral  has  just  displayed  in  a  descending 
order  will  be  exa,ctly  repeated  in  ascending  order,  and  this 
repetition  equally  on  each  side  of  the  position  of  compensation 
ia,  as  M.  L^vy  points  out,  the  best  possible  proof  that  compensa- 
tion has  really  occurred.  Teat  the  section  now  by  inserting  the 
wedge  along  the  other  vibration- trace.  The  colour  of  the  section 
will  rise  continuously,  and  no  darkness  due  to  compensation 
will  occur.* 

Though  a  vast  amount  of  work  can  be  done  with  the  simplest 
polarising  microscope,  yet  the  quartz  wedge  is  on  accessory  that 
few  will  like  to  dispense  with  when  once  the  advantage  derived 
from  its  use  has  been  experienced.  For  minerals  with  very 
strong  double  refraction,  such  as  zircon,  a  thicker  wedge  than 
usual  will  be  required. 

Twin -crystals. — f^cept  in  certain  sections,  the  two  halves  of  a 
simple  twin,  or  the  adjacent  lamells  of  a  repeated  twin,  will  give 

*  Ths  two  colour- effects  cui  be  aeen  limnltuieaDBty  by  means  of  StOber's 
double  quartz  plate  (2rnr«cAr./!lr£ryiI.,  Bd.  xziz.,  1S97,  p.  22). 
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different  colours  between  crosBod  nicols,  and  wUl  have  different 
angles  of  extinction  (fig.  18,  a),  Tlie  poUriscope  indeed  at  once 
reveals  the  composite  character  of  many  crystals  in  which  twin- 
ning would  otherwise  be  undetected.  Cases  of  croas-twinuio^ 
tn  in  microcline,  also  occur.    The  surface  of  junction  of  the  parts 


Fig.  20. 

of  a  twin  b  seen  under  the  microscope  to  be  often  step-like  or 
even  irregular;  and  -in  oases  of  repeated  twinning  the  lamellie 
are  sometiraea  wedge-shaped,  and  do  not  run  from  end  to  end  of 
the  crystal-section. 

Aggregates. — Ordinary  aggregation  luUBt  be  distinguished  be- 
tween crossed  nicok  from  twinning  by  the  absence  of  regularity 
in  the  grouping  of  the  constituent  parts.  A  fslse  effect  of 
regularity  is  often  set  up  where  a  mass  is  composed  of  fibres 
lying  in  all  directiona  Between  crossed  nicols,  the  fibres  that 
happen  to  lie  with  their  vibration- traces  at  45°  to  the  diagonals 
of  the  nicols  show  their  brightest  interferenoe-ootoura,  and  catch 
the  eye  unduly.  These  fibres  clearly  form  two  sets,  perpen- 
dicular to  one  another;  and  thus  the  illusion  of  a  rectangular 
meshwoi^  arises.  If  the  stage  is  rotated,  however,  the  two  series 
of  bright  fibres  giro  way  oontinualty  to  others,  thus  changing 
their  Erections  in  the  slide. 

When,  however,  a  globular  ^gregate,  as  so  often  happens,  is 
oompoeed  of  a  number  of  minute  prisms,  whether  arranged 
radially  or  tangentially,  a  black  cross  will  result  between  crossed 
nicols  in  ordinary  polurised  light,  from  the  fact  that  the  com- 
ponents lying  in  the  positions  of  extinction  all  become  dark  at 
the  same  time  (fig.  20,  a  and  6). 

If  the  directions  of  extinction  agree  with  the  axes  of  form,  the 
arms  of  the  cross  will  appear  upright  and  horizontal  in  the  field. 
If  suoh  an  aggregate  is  ellipsoidal,  but  still  built  radially,  the 
black  cross  will  be  unaffected  by  rotation  of  the  stage  (fig.  20,  e); 
hut  if  built  by  tangential  additions,  it«  arms  approach  or  recede 
during  rotation  (fig.  20,  c  and  d). 

If  tiio  Bt^gtegAte  is  built  up  of  irregularly  curving  tufts  and 
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Bbrei,  several  dark  arms  may  appear,  altering  their  fornu,  as 
well  as  their  poaitioaa,  dnring  rotation. 

Isotropism.— If  &  section  remains  equally  dark  betireen  crossed 
nicols  throagh  &  complete  rotation — i5  degrees  is  in  reality  suffi- 
cient— it  is  said  to  be  Itotropie.     Saah  bodies  are : — 

1.  Amorphous  and  colloid,  suoh  as  glass  or  opaL 

2.  Minerals  of  the  oubic  system,  the  Telomty  being  the  same 
fiir  rays  propagated  in  all  directions,  and  no  doable  refraction 
occurring. 

3.  Basal  sections  of  minerals  of  the  letragonal  and  hexagonal 
systems. 

In  nature  very  few  bodies  are  absolutely  isotropic,  owing  to 
the  stresses  to  which  they  are  subjected  in  the  earth ;  but  tlie 
test  is  a  very  valuable  one  in  picking  out  cubic  minerals.  In 
cases  where  the  section  is  truly  isotropic,  but  may  yet  belong  to 
a  uniaxial  mineral,  the  use  of  convergent  polarised  light  (p.  151^ 
will  set  the  question  st  rest,  no  block  cross  being  obtainea  if  the 
substance  is  really  ctiliic. 

Distortion  and  AnomalieB. — The  geologist  mast  be  prepared  to 
find  himself  continually  confronted  by  difficulties  over  which  he 
can  have  no  control.  Even  in  estimating  extinctions,  bending 
of  or  pressure  on  the  crystal  may  intfrfere  with  the  results  of 
this  comparatively  simple  operation.  Such  distortions  frequently 
occur,  and  one  end  of  a  crystal  will  be  seen  to  give  a  totally 
difibrent  colour  b<!tween  crossed  nicols  from  that  given  by  the 
other.  A  crystal  in  which  strains  have  been  set  up  will  some- 
times send  a  wave  of  extinction  from  one  end  to  the  other  dnring 
rotation.  Hence  in  all  refined  observations  the  object  must 
be  very  cautiously  selected. 

The  anomalous  double  refrnction  of  minerals  of  the  cubic 
system  is  now  well  recognised,  and  is  probably  accompanied,  as 
in  leucite,  by  a  true  external  reduction  of  symmetry.  To  exclude 
garnet,  or  haiiyne,  or  even  the  much  discussed  leucite,  from  ths 
cubic  system  on  account  of  their  optical  behaviour  and  anomalies 
of  form  would  be  the  first  step  towards  the  abolition  of  the 
system  or  to  the  admission  that  most  cubic  minerals  are  dimor- 
phous. It  would  seem  that  symmetry  so  complete  and  exacting 
is  unable  to  survive  amid  the  varying  temperatures  and  pressures 
that  assail  crystals  from  the  first  moment  of  their  consolidation. 

Ordinarily,  however,  the  anisotropism  of  these  anomalous 
cubic  crystals  reveals  itself  in  tints  of  a  very  low  order — in  fact, 
the  grey  sad  white  st  the  opening  of  the  scale.  Only  in  sections 
of  some  millimetres  in  thickness  is  coloured  polanaation  con- 
spicuous. 
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Similar  strains  disturb  the  optical  characters  of  mioeraU  when 
viewed  with  oonvergunt  light ;  so  thai  the  observationa  to  which 
we  Doir  proceed  mnst  be  mftde  on  m  nnmber  of  aeotione  of  the 
same  mineral  in  a  elide  before  aconrate  conolnsiona  can  be  drawn. 
Uniaxial  uid  Biaxial  Crystala  in  Convergent  Polarised  Light — 
The  chief  use  of  the  suVstage  condenser  in  dealing  with  rock' 
aectiooB  ia  the  determination  of  the  oniaxial  or  biaxial  abaracter 
of  donbly  re&aoting  minerals.  A  mineral-nection  ia  selected 
with  the  low  power  which  appears  suitable  from  a  consideration 
of  the  probable  position  of  the  optic  axis  or  the  optic  axial  plane. 
Having  been  moved  into  the  centre  of  the  field,  a  high  power, 
preferably  an  eighth-inch,  ia  brought  to  bear  on  it,  and  the 
condenser  is  adjusted  so  as  to  converge  the  rays  within  the 
crystal.  The  niools  are  crossed  and  the  eye-piece  is  removed, 
the  eye  probably  requiring  to  be  held  at  a  little  distance  from 
the  top  of  the  tnbe.  As  already  mentioned,  a  lens  may  be  used 
above  the  objective  that  will  bring  the  optdc  axial  figure  within 
the  focus  of  the  eye-piece,  wiiich  is  thus  retained  ;  but  it  is  note- 
worthy that  observers  of  great  eminence  have  preferred  the 
smaller  but  brighter  results  given  by  the  simple  observation 
down  the  tnbe. 

Rotate  the  staf^,  and,  if  the  section  is  at  all  favourably  cut,  a 
dark  shadow  will  move  acrosa.  Some  minerals  with  a  strong 
donble  reiractiou,  such  as  epidotu,  will  show  in  addition  colonred 
rings  even  in  thin  sectiona  The  thicker  the  section,  the  more 
of  uiese  iris-tinted  rings  will  appear  within  the  field. 

The  indications  of  the  rings  and  shadows,  subject  to  the 
oautjons  given  under  the  last  heading,  may  be  stated  as  follows. 
M.  OnioMal  ifinerait. — 1.  An  isotropic  section  should,  if 
possible,  be  selected — va,  one  perpendicular  to  the  optic  axia. 
In  the  case  of  qnartii,  owing  to  the  rotation  of  the  polarised  ray 
to  right  or  left  by  circular  polarisation,  even  sections  thus  cut 
are  not  truly  isotropic. 

A  section  perpendicular  to  the  optic  axis  will  show  a  black 
cross,  which  is  unchanged  on  rotation.  Sometimes  coloured 
circles  may  be  seen  round  it.  The  arms  of  the  cross  are  parallel 
to  the  vibration-planes  of  the  nicols  (fig.  21,  a).  The  microscops 
shoald  be  tested  on  a  good  section  of  calcite,  devoid  of  fiawi 
since  little  errors  in  the  conetmction  of  the  condenser  may  cause 
the  cross  to  divide  at  the  centre  during  rotation  as  if  the  mineral 
were  biaxial 

2.  If  the  section  ia  oblique  (o  the  optio  axis,  the  rays  travera- 
ing  it  parallel  to  that  axis  may  etill  be  able  to  enter  uid  emerge 
from  tibe ,  obiective.     In  this  case  the  oentre  of  the  black  cross 
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will  appear,  but  will  not  be  in  tbe  centre  of  the  field,  and  will 
shift  its  position  as  the  stage  is  rotated,  thos  moving  ronnd  in  a 
circle  (fig.  21,  b). 

3.  If  the  section  is  still  more  oblique  to  the  optic  axis,  the 
centre  of  the  black  cross  will  Ue  outside  the  field,  and  only  one 

Fig.  21. 
of  its  arms  will  become  visible  at  a  time.  Thns  on  rotation  a 
black  bar  will  move  across  the  field,  keeping  in  a  Tertioal  position, 
followed  by  one  moving  across  in  a  direction  at  right  angles  to 
the  former,  thus  keeping  in  a  horizontal  poaition ;  whea  this  has 
disappeared,  the  third  arm  appears,  moving  like  the  first ;  and 
then  the  fourth,  moving  like  the  second.  The  absence  of 
deflection  in  the  dark  bars  is  the  point  to  be  especially  noted 
(fig.  21,  e,  d,  and  e). 

Stntin  will  destroy  this  repilarity  j  some  biaiial  minerals,  on 
the  other  hand,  have  so  small  an  optic  axial  angle  that  the 
figure  given  by  them  scarcely  deviates  from  the  black  uniaxial 
cross  throughout  a  complete  rotation. 

0.  Sitanai  Minerait. — 1.  If  cut  so  that  the  rays  parallel  to  an 
optic  axis  reach  the  eye,  the  section  shows  a  dark  bar  which 
swings  round  on  the  rotation  of  the  stage,  moving  in  an  opposite 
direction.  At  the  same  time  it  becomes  hyperbolic,  straightetuog 
itself  out  in  four  positions  during  rotation.  Coloured  rings  may 
possibly  surround  the  optic  axis,  as  above  described. 

Since  the  bar  becomes  stiaight  when  the  trace  of  the  optic 
axial  plane  is  parallel  to  the  vibration-plane  of  either  oicol,  and 
since  the  bar  then  lies  along  this  trace,  it  may  be  of  service  as 
giving  the  position  of  the  optic  axial  plane  in  the  crystal. 

When  the  section  is  oblique  to  the  optio  axis,  o,  through  whioh 
the  black  bar  passes,  this  moves  round  the  centre  of  the  field 
<fig.  21,  /,  y,  and  h). 
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2.  If  the  Bection  u  more  oblique  to  the  optic  axia~~i.e.,  if  it 
approaches  more  nearly  to  &  direction  perpendicular  to  one  of 
the  bisectrioet — the  dark  bar  may  escape  from  the  tield  during 
rotation. 

3.  if  tlie  section  ia  perpendicular  or  approximately  perpeadi- 
mdar  to  one  of  the  biseotrioes,  preferably  the  acute  bisectrix,  a 
black  cross  vill  appear  wbeo  the  optic  axial  plane  is  parallel  to 
the  Tibration-plane  of  either  niooL  Rotation  at  once  causes  a 
separation  of  the  cross  into  two  hyperbolie,  though  in.  a  few 
minerals  this  separation  ia  very  slight  (fig.  21,  i  and  j). 

In  the  examination  of  thin  sections,  both  the  optic  axes  of  the 
figure  in  the  case  we  are  considering  generally  lie  outside  the 
li^ts  of  the  field,  and  hence,  when  &b  optic  axial  pla&e  is  at 
45°  to  the  diagonals  of  the  nicols,  both  the  hyperbobe  are  carried 
out  of  sight.  Their  convex  sides  always  &ca  the  bisectrix  which 
emerges  in  the  field,  and  the  thinner  arm  of  the  black  cross  that 
«an  be  formed  by  them  lies  along  the  trace  of  the  optic  axial 

This  occurrence  of  t<vo  dark  curves  sweeping  across  the  field 
and  uniting  at  every  90*  of  rotation  to  form  a  oross  is  one  ot  the 
best  features  by  which  biaxial  crystals  can  be  determined.  In 
default  of  so  good  a  figure,  the  curvature  of  the  single  bars  that 
oome  into  view  must  tits  noted,  in  opposition  to  tbc  permanent 
atraightuess  of  those  of  uniaxial  crystalB.  The  typical  figure 
given  by  biaxial  minerals  may  be  well  studied  in  muscovite,  and, 
commencing  with  a  thick  piece,  the  specimen  should  be  thinned 
down  until  the  hyperbole  are  accompanied  by  the  merest  trace 
of  coloured  rings. 

In  oer^in  special  cases,  finally,  where  it  is  known  that  the 
section  is  perpendioolar  to  the  acute  bisectrix,  the  optical  sign  of 
the  crystal  can  be  simply  determined.  The  trace  of  the  optic  axial 
plane  is  set  at  45°  to  the  diagonals  of  the  nicols  i  since  it  b  one 
of  the  vibration-tracee  of  the  crrstal-sectioQ,  determine  with  the 
quartz  wedge  in  plane  polarised  light  whether  it  corresponds  to 
the  ray  of  fireatest  or  least  velocity  (sea  p.  147).  If  greatest,  that 
is  to  say,  if  compensation  occurs  when  the  wedge  is  thrust  along 
this  direction,  then  the  vibration-trace  perpendicular  to  the  optio 
axial  plane  is  that  of  the  slow  ray  in  the  section.  Since  this  latter 
direction  is  always  the  vibration -direction  of  the  ray  of  mean 
velocity  in  the  crystal  as  a  wholes  the  acnte  bisectrix,  the  normal 
to  the  section,  must  be  the  vibration-direction  for  rays  of  leait 
velocity  in  the  crystal,  which  is,  therefore,  positive.  If  the 
experiment  gives  a  reverae  result,  the  crystal  is  negative. 


CJoogIc 
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OHAPTEK  XVII. 


THX  OHABACnCBS  OF  THE  OHIIF  ROOK-POUimO  HISKRALS  IN  THK 
ROOK-UASS  AND   IN  THIN   SXCTIOIie. 

IThdbb  tbU  beading  are  given  tlie  obaraotera  presented  bj 
common  minerals  as  they  oconr  in  rooks,  tbe  order  followed 
being  alphabetical.  Tbe  minerals  of  first  importance  are 
printed  in  thick  type.  Each  description  ia  divided  into  two 
parts: — 

I.  The  moat  striking  characters  of  the  mineral  aa  it  appears 
embedded  in  the  rock-fipecimen,   with  one  or  two  additioiud 


Oomp. — Chamioal  oompotition. 

^/tt. — CryBtaLlographio  system. 

ForOi, — Ordinuy  form,  or  outlines  ia  m 

deov.— ClMVftgo. 

Atd.  — Ed  doanres. 

Z«n.  — Zono-atntotnre. 

Sefr,  Index. — Avenge  index  of  refnoldon  (determined  with  Tello-w 
light). 

Oolour. — Colour  m  Men  in  ordinary  liglit-  Tariations  aooording  to  the 
fiKMi  viewed  (face-ooloars).     Appeanmoe  of  alteration-produota. 

i'ko.— Pleoohroiom  u  observed  by  means  of  the  aingle  niool  (alis- 
oolonn). 

2>.  Refr.—DoahlB  Tefraction.  This  is  "  strong "  when  the  differenoa 
between  the  greBt«>t  and  least  index  of  re&action  in  the  uryatal  is  large 
(say  -040),  and  "weak"  when  this  differenoa  ia  amall  (say  -006).  In  the 
former  oa««  we  have  "  high  "  oolonn,  in  the  latter  "  low." 

SxtiiKt. — Podtion*  of  eitination. 

Opt,  ti^— Optical  «ign;  inolnding  ohanoter  of  the  aoate  biMctriz, 
and  ita  poidtaon. 

Tkiiu. —  Characteristic  twinning. 
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Actioolite. — A  aon-ftluminous  amphibole.     SpecidI  points  : — 

I.  LoDg  priams,  distinotlj  green ;  often  in  mdial  bvmches. 

II.  Colour — Often  colonrlees.     Pleo. — Correspondingl;  feeble. 

Jlole.—8n  Hornblende  uid  rremolite. 

.£oiRiNK. — See  Sodsr Pyroxenes. 

Albite.  —See  FlagioalaBes. 

Akblystegitb. — See  Rhombic  Pyroxenns. 

Aketuybt. — Like  qn&rtz.     Special  points  :— 

I.  Violet  colour;  occurs  in  cavities  of  rocks. 

n.  Pleochroic  when  the  section  is  thick  enough  for  the  oolour 
to  appear. 

Amphiboles.  —  See  Actinolite,  Anthophyllite,  Hornblende, 
Soda-Auiphiboleu,  Tremolitu. 

Ahalgimb. — Comp. — Some  varieties  =  tTajAlgSi^O^  +  2H,0. 
S^. — Probably  cubitv 

I.  In  cavities  of  rocks ;  colourless  glasej-Iooking  or  opaque 
white  icositetrahedra,  commonly  in  groups. 

II.  Jte/r.  Index.— Setu:  lenoite  (1-487).  D.  £«/r.— Sometimes 
anomalous,  in  grey  and  greyish-white  tints ;  Bometimes  forms 
an  isotropic  groimd-mass  between  other  minerals. 

^o(&— Fuses  easily,  and  selatiniBes  ia  H  CL  Compare  leuoiM,  which  it 
rtaemblsB  eitemally.  If  the  mbstaDce  u  tnuupsrent  in  tha  mass,  it  is 
— ^' — ^^y  analciir'  — '^ —  -■---  i^--:*-        *__i_^ — _   __   _ 


Ahatahk.— Comp.— TiO,.     ^»(.— Tetragonal 

I.  Occurs  u  brilliant  blue-black  to  black  modified  pyramids, 
which,  though  commonly  about  3  mm.  long,  catch  the  eye  by 
their  lustre  on  the  Burfaaes  of  rocks.  Is  found  sometimes  on  dii- 
solTiDg  limestones  or  extracting  the  heavy  minerals  from  sands. 

n.  Xe/r.  Index— Ytrj  high  {2  52). 

Ardaldsite. — Comp. — Al,8iOg.    Sytt. — Rhombic. 

L  Sometimes  seen  as  well  marked  and  nearly  square  grey  or 
pink  prisma  in  schistose  rocks,  or  as  blue-grey  heavy  granular 
aggregates  (specific  gravity  •■  3*18). 

n.  ^orm— Small  granular,  as  ia  Cornish  granites,  to  rod-like, 
as  in  schists.  Jie/r.  Index — 1*638.  Coiowr— Colourless,  or  face- 
colours  iaintly  pink  or  green.     Pleo. — Bemarkable,  from  palest 
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green  to  a  brownish  or  piakish  red.    Obecnred  in  the  imperfect 
specimens  in  schUts. 

Note.~-S»t  CluMtolite. 

AnortMte. — See  Plaf^oclases. 

Anobthocla.be. — See  Microcline. 

Anthophtllitb. — Comp. — (Mg,  Fe)  Si  Oj  with  Al,  Oj  at  times 
{Obdbitb).     Syst. — Bhombic. 

I.  Not  known  as  a  commoa  constituent,  bat  may  assume 
importanoe  when  closely  looked  for.  Occurs  as  groups  of  long 
prisms  in  some  metamorphio  rocks,  and  among  the  Eones  of 
secondary  minerals  in  some  altered  gabbros. 

IL  Form  and  Cteav. — Practically  the  same  as  hornblende,  but 
with  rhombic  symmetry.  Colour — Colourless  in  examples  at 
present  known.  Extinct. — Rhombic,  i.e.,  straight,  eztinctaons. 
Soda-hornblendeB  and  brown  ferriferous  hornblendes  have,  how- 
ever, only  a  small  angle  of  extinction. 

Apatite — Comp.—SCB^F^Og  +  Ca(Clj,F^.    5y»(.— Hexagonal. 

I.  Sometimes  visible  as  yellowish- white  streaks  in  metamorphio 
rot^s,  soratchable  with  the  knife ;  but,  despite  its  abundance, 
commonly  too  small  for  detection  with  the  eye. 

n.  Form — Long  prism,  giving  hexagons  and  scicnlar  forme. 
Occurs  as  minute  oryatais  included  in  tbe  other  minerals  of  tbe 
rock ;  rarely  in  larger  prisms.  CUav. — Not  seen.  Jfncf. — 
Absent  Be/r.  /tw/eai— Higlier  than  felspars  (1-637).  Colota- — 
■Colourless ;  no  decomposition-products.  D.  Rafr. — Somewhat 
weaker  than  felspars.     Opt.  Sign — Negative.     (Kg.  27.) 

NoU. — Nephaline  cryitailisei  in  shorter  priams,  commonly  ooDtains 
-ODolosiirsa,  and  readily  docomposas,  abowiog  yeUow- brown  iseatians. 
Primwy  quartz  doaa  not  oocar  in  pmnu  in  ignaoui  rocks;   quarte  is 

Aragonlte. — Comp. — Ca  0  Og.  Syst. — lUiombic 
L  Common  in  tiie  deposits  of  warm  waters  (pisolitio  grains, 
&c.)  and  as  a  constituent  of  the  shells  of  many  genera.  Forms 
also  radial  groups  in  the  oavil^es  of  altered  rocks.  Specifio 
gravity  =  293;  oalcite  =  2-72.  Slightly  hwier  than  caloite, 
which  it  consequently  soratchea. 

IL  Form  —  Prismatic,  the  compactness  of  grouping  often 
^~~  veiling  this  in  sedimentary  rooks.  Refr.  Iniex — Higher  tiian 
/  caloite  (1--632).  Co^jmt— Colourless.  D.  .fis/r.— Colours  like 
'         calciteu    Optio  axial  plane  in  macropinaooid.    EnAinet. — Rhombic 


«stinotiaas.     K)pt  aign — The  vibration -direction  for  tbe  fiwtest 
■  wislh  vei 


rtty  ooinddea  wi^h  vertical  axis;  it  is  the  acute  bisectrix,  and 
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the  mineral  ii  thus  negatire.     In  ciJcite  also  the  vertical  axis  is 
the  ribrat ion- direction  for  the  fastest  ray. 

Ahftxdsohitb. — See  Soda-Amphiboles. 

Angite, — Comp. — Approsimatel/ {Ca,  Mg,  Fe)SiOg  with  some  ' 
ALO,andFejO,(BeeOroth,  rad.  Uthertida,  1898,  p.  146).    Syal. 
— MoDooIinio. 

I.  Black  and  often  short  prisms,  or  granular  groups  between 
felspars.  Sometimes  dark  or  pale  green.  Oleavage-surfaceft 
often  visibl&  Slightly  scratched  with  knife.  Torms  Bometimes 
ophitic  maeeea,  and  appears  as  if  uniformly  infilling  the  apacea 
between  the  felspars,  or  around  granular  olivines. 

n.  Fvrm — Friamatio,  with  eiglit«ided  orosa-seotions,  both 
pioaooids  being  developed  as  welt  as  the  priam.  Angle  of  the 
latter  87°  (figs.  38  and  40).  Vertical  aeotiona  ahow  the  trace 
of  one  or  both  the  oharacteriatic  half-pyramid  planee.  Often 
gnanlar  or  ophitic  Gleav. — Prismatic,  showing  thus  in  'oroes- 
seotiouB  a  series  of  cracks  intersecting  nearly  at  right  angles. 
End. — Glass  and  crystalline  endoeares  fairly  common.  The  schil- 
lerised  forms  pass  over  into  diallage  and  "psendo-hypersthene." 
Ztm. — Common  in  lai^  examples.  Re/r.  Indm — 1*72.  G<Aov,r 
— Typically  yellow -brown  to  purpliiji-brown.  OooasiouaUy 
almost  colourless  (diopside).  The  green  varieties  are  described 
tinder  soda-pyroxene.  Pleo. — Very  slight,  except  in  the  soda- 
aogitea.  D.  Rejr. — Fairly  strong,  the  colours  commonly  being 
the  pinks,  yellows,  and  greens  of  the  second  and  third  orders. 
Optic  axial  plane  is  the  clinopiuacoid.  ExUna. — On  clinopiaacoid 
40°  to  50*  away  from  principal  axis.  Henoe  typically  a  large 
angle,  as  opposed  to  hornblende.  This  is  reduced  in  soda- 
pyroxenes.  Opt.  tign — PoaitivB.  The  vibration-direction  for 
the  ^test  ray  points  towarda  the  obtuse  angle  that  is  usually 
seen  in  vertical  sections — i.s.,  that  formed  by  the  traces  of  a 
pyranoid  plane  and  the  ortbopinacoid.  Tmna — Fairly  common, 
a  namber  of  repetitions  arising  towards  the  centre  of  the  crystal, 
Mtd  an  nntwinned  portion  occurring  on  either  side.  Composi' 
tion-plane  the  orthopinacoid. 

iVotc.— Hornblende  very  commonljariMSu  a  partial  or  completsreplaoa- 
UMnt  of  angite,  b«ing  dtveloped  from  it  by  paramorpbic  otuoge,  tha  result- 
ing paeudoinorph  being  (tjlujte.  The  ontline  of  the  augite  ii,  howerer, 
Qommonly  not  preierTed,  wtinolitia  needles  ipteading  throngh  the  moss 
and  projecting  tram  It,  or  larger  homblendio  fomi  appearing  roundabout 
it  and  in  moat  intimate  connexion  (fig.  27). 

Por  allied  pyroxenes  see  diallage,  diopside,  and  soda-pyroxenes. 
Also  rhombic  pyroxenes. 

BasUte. — A  name  at  one  time  applied  to  the  serpentinous  and 
achilierised  pseudomorphs  after  rhombie  pyroxene  that  often 
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'Ooonr  in  Berpentme-rock  and  sometitnee  side  by  aide  with  but 
slightly  altered  angite. 

L  Indistingniabable  firom  diall&ge  or  bronzite.  The  snb- 
metallic  lustre  ie  very  etriking  when  the  miner^  occurs  in  a 
setting  of  dull  earthy  aerpentine;  but  even  this  character  is 
sotnetiDiea  lost  by  complete  alteration,  the  bostite  becomiog  doll 
«ad  yellowifib. 

n.  Qener&lly  reaemhlea  diallage.  Coloar — Pale  brown  or 
green,  in  the  latter  case  often  with  aeparated  granules  of 
magnetite.  PUo. — Fair  in  the  green  examples.  I}.  R^. — 
TlBually  shows  effects  due  to  the  presence  of  residuBl  unaltered 
pyroxene.  J'a^tnct.—BLombio ;  parallel  thus  to  the  oleav&ge 
and  schiller-planes  in  mout  sections. 

BioUte.  — Comp.  —  (Hj.  K„)(AU,  Fe^)  (Mg,  Fe)jSigOj,  (after 
■Groth).  A  typical  and  common  terro-niagnesian  mica.  For 
gene»l  ohanwters  see  micas.     Special  points  : — 

L  Commonly  dark  green  or  bronze-bUck.  A  rery  abundant 
constituetit  of  igneous  rocks,  particularly  in  the  syenite  and 
diorite  groups. 

n.  Colour — Brown  or  green ;  but  sometimes  oolonrless.  The 
striking  pleochroiam  gives  dark  basal  sections  («.«.,  tiiose  showing 
DO  cleavage),  and  far  lighter  vertical  sections.  The  latter  are 
very  often  straw-yellow,  the  former  reddish-brown.  Decomposes 
to  green  ohloritic  products.  Pleo. — Intense  in  vertical  sections, 
often  yellow-brown  to  grey-brovrn ;  darkest  tint  when  shorter 
diftgonol  of  nicol  is  parallel  to  basal  cleavage.  Not  perceptible 
in  basal  sections,  the  typical  mineral  being  praddcslly  aniftxisl. 
D.  Rtfr. — Colours  seen  only  in  lighter  varieties.  Basal  aectiona 
practically  isotropia  Convergent  light  gives  a  uniaxial  figure, 
or  one  with  trifling  deviation.     (Figs.  24  and  27.) 

Haie. — DUtiDfauhed  in  rook  from  hornbleiid*  bv  lnitre,  plAty  chaiaotw, 
and  hudnau  ;  lu  Kotion  by  liDsle  cl«av>ge,  rftggad  fibroua  edges,  and  the 
faut  Ihftt  the  biual  isetioii*  are  the  dukcBt  aod  shew  no  cleavage.  Cooipaia 
noU*  OD  phlogopite.  Biotito,  like  bornblende,  ii  often  altered,  by  tbe 
action  of  a  hot  enoloung  magma,  into  msre  black  skeletal  tonoa. 


Bionzite. — See  Rhombic  Pyroxenes. 

Caldte.— C^offw.— Ca  0  O^     Sysf.-— Hexagonal  (Trigonal). 

L  Recognisea  by  its  cleavage-surfaces  and  hardness  (  =  3). 

II  Form  —  Ov^  or  im^ar  grtmales,  fitting  against  one 
another,  in  veins  or  cavities,  or  forming  the  mass  of  a  crystalline 
limestone.  Clean. — Rhombohedral,  often  bent  by  pressare,  giving 
two  or  even  three  series  of  obliquely  intersecting  lines,  which  are 
very  dear,  and  along  which  reflections  often  give  rise  to  inter- 
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fereuce  colonre  in  ordinary  ligbt.  Rsfr.  Indax — 1-486  for  raya 
vibrating  parallel  to  optic  axis,  and  1-66S  for  those  vibrating 
perpendicular  to  it.  Colour — Oolourleaa.  PUo. — The  rapid 
rotation  of  the  polariser  produces  a  sort  of  twinkling  effect, 
owing  to  the  difference  of  absorptioo  for  rays  vibrating  in 
different  directions;  and  calcite  can  often  thus  be  picked  out 
in  the  preliminary  examination  of  a.  slide.  D.  R^. — "Very 
strong,  so  that  coloars  of  the  fonrth  and  higher  orders  are  alone 
visible  in  ordinary  slides,  the  tints  being  olten  practically  white. 
Opt.  sign — Negative.  Twma — Very  common,  repeated,  parallel 
to  the  negative  rhombohedron,  x(0ll2),  tbe  traces  of  their 
composition-planes  ranning  in  many  sections  parallel  to  the 
oleavages. 

l^oU. — See  Dolomite  and  Aragonite,  and  fig.  23.  Por  a  naefnl  micro- 
ehsmicBl  roaotion  in  preNuce  of  dolomite.  Bee  Lemberg,  Zeiiachr.  devUeh. 
gtol.  Qm.,  Bd.  xL  (1S88),  p.  367. 

QiseiTKBiTB. — Comp. — 8n  O,.     Syst. — Tetragonal. 

I.  In  some  Eranitee,  in  orange-brown  to  black-brown  lustrous 
grains.  Oan  be  easily  isolated  by  washing  the  powdered  rock  ; 
test  with  the  blowpipe. 

II.  F<frm — Prisms,  squares,  and  grannies.  CUav. — Sharp. 
2on. — Sometimes  eones  of  deeper  colonr.  Refir.  Index — Higher 
even  than  garnet  (2'029).  Cc^oiir — Yellow  to  red-brown,  varying 
in  patches  in  the  same  graiik.  Pito. — Oonapicuous  in  the  browner 
parts.  D.  Refr. — Exceptionally  strong  ('09*),  bnt  not  so  strong 
as  in  rutile.  Fink  and  green  colours  of  high  orders.  Oj^.  lign 
—Positive.     Twins — Oommon,  geniculated. 

Ch&lcedDlfy. — Comp. — SiO,.  Probably  a  mixture  of  minute 
crystals  and  a  trifling  amount  of  amorphous  silica  (opal). 

L  Blue-grey  to  browner  ahd  more  flinty  aggregates  in  the 
koUowB  of  lavas,  in  limestones,  and  associated  with  flint  and 
chert,  which  are  in  fact  more  massive  varieties.  Forms  alternate 
bands  with  quartz  in  agatea     Not  scratched  by  the  knife. 

n.  /'on/i—Radialaggregatesorminute  granules.  Refr.  Index 
— Very  slightly  lower  than  quartz  (1-537),  CcHow — Colourless 
to  brownish.  D.  Rejr.  —  Like  quartz;  colours  brilliant,  of 
about  first  order.  The  aggregates  consist  of  delicate  fibres, 
in  which  the  faateet  ray  vibrates  parallel  to  the  length  of  the 
fibre. 

Ohustolite. — A  white  variety  of  andalusite  with  enclosores  of 
dark  amorphous  matter  regularly  arranged.  In  sections  parallel 
to  the  vertical  axis,  bands  of  this  dusky  matter  may  be  seen 
rnnning  down  the  length  of  the  prism;  in  transverse  sectioni,  « 
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diagonal  cross  appears,  oommonly  with  b  dark  square  at  the 
centre  and  at  each  angle  of  tlia  section.  The  obliquity  of  its 
amis  of  course  inoreaaeB  with  that  of  the  section,  commonly 
resembling  the  ^  of  the  Greeks.  These  characters  can  be  clearly 
seen  with  the  lens  on  rock-sarfacea.  The  mineral  commonly 
arises  in  elaty  rocks  as  a  product  of  coDtact-metamorphistii. 

Chlorite. — The  name  of  a  group  of  minerals  composed  of 
silicatea  of  magnesia,  fbrrona  and  ferric  oxides,  and  alumina,  in 
various  proportions,  with  much  water.  Sygl. — Probably  all 
monoclinic,  though  many  approach  the  hexagonal  system.  Similar 
orystallographic  characters  occur  in  the  mica  group. 

L  While  resembling  dark  green  mioas,  the  chlorites  are  softer, 
being  very  easily  scratched  with  the  thumb-nail.  Their  lamellie 
are  less  elastic  than  those  of  mica,  and  show  more  markedly  the 
effects  of  injury  and  pressure. 

II.  Form — Hexagonal  plates  and  fibrous-looking,  &n-like,  or 
spherulitic  aggregates.  Often  developes  from  green  amorphous 
masses  in  the  cavities  of  rocks,  or  as  a  psendomorphic  product  ot 
ferro-msgnesian  minerals.  Clear. — Basal  sharp.  Uften  distorted 
by  pressure.  Jiefr.  Itidex — About  1'6.  Colour — Yellow-greeu  to 
bine-green.  Pieo. — Noticeable  in  sections  showing  cleavage  ; 
yellowish  when  the  shorter  diagonal  of  the  nicol  is  perpendicular 
to  the  boB&l  cleavage,  and  green  when  it  is  parallel  to  it. 
i>.  Aa>.— Weak('001  to -014);  colours  mostly  first  order ;  a  deep 
blue  is  characteristic.  Extinct. — In  many  examples  parallel  to 
the  oleavage;  in  some  as  much  as  15°  from  the  vertical  oxia 
(cUnopinacoidol  sections  of  olinoohlore). 

Ifolf. — Compare  green  biotite  and  MrpeoUne. 

Ghlohitoid  (see  Ottrelite). 

Ohhumite.— (7(Mnp.— (Fe,  Or^(Fe^  Or^O^  {often  with  MgO 
and  ALO.).     ^»t.— Oubic. 

I.  Black  grains  and  crystals,  resembling  magnetite,  commonly 
in  oli vine-rocks. 

II.  Form — Granules,  or  squares  and  hexagons,  derived  from 
Octahedra.  Colour — Black  and  opaque  unless  especially  thin, 
when  it  becomes  a  rich  claret^brown.    I).  Eafr. — None.    Isotropic 

NaU.  — Conpara  mignetit*.     See  olao  spinelloids. 

OOOOOLITE. — A  granular  ferriferous  diopside.  Occurs  in  some 
crystalline  limestones.  Colour  various  shades  of  green,  almost 
or  ooinpletely  colourless  in  thin  sections.     See  Augite. 

GOBDIIBITX. — Cornf>. — Probably  (Mg,  Fe),  Al^  Si^  O^g,  but  may 
contain  some  combined  water.     Syat. — Rhombic. 

L  Typical  colour  a  delicate  blue,  inclining  to  grey ;  forms 
glaasy -looking  patches  in  some  granitoid  and  gneissic  rocks,  and 
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mtkj  occnr  aa  priama,  thoagb  nrely,  in  Iktu.  Not  Borfttched  by 
the  knile,  bnt  eaaily  deoompoaed  and  becominz  tbna  nrncb  aofter. 

n.  Form — Mostly  imgalar  grains.  J?ncZ.—Fibroae  enclosures 
of  sillimukite  oommon,  Jie/r.  Index — 1*536  ;  hence  abowa  no 
pitted  appearance.  Colour — Colonrlesa  to  fiunt  blue.  Decomposi- 
tion products  greTish  or  vellowiab-green.  Fleo. — Though  marked 
in  thick  apedmena,  feeble  in  ordinary  sectiooa.  Sluiah  when 
the  ahorter  diagonal  of  the  niool  is  parallel  to  base ;  pale  yellow 
when  it  ia  parallel  to  rertioal  axia.  J).  R^, — Oolonra  commonly 
firit  order  only.     BadinoL — Bhombie. 

JPU«.— SwHiute. 

Diailage. — A  common  form  of  monoclinio  pyroxene. 

L  Conspicuous  by  its  aub-tnetellic  luetre  when  the  rock  ia 
turned  about  in  the  hand.  The  lustrous  aeparation-planM  give 
it  a  "foliated"  character,  amounting,  indeed,  to  a  new  cleavnge 
parallel  to  the  orthopinacoid.  It  cannot  well  be  distinguiahed 
from  bronzite,  hypersthene,  and  bastite  in  the  rock-mass. 

II.  Like  the  pale  brown  augitea,  but  has,  in  all  seotions  but 
those  approaching  the  orthopinacoid,  a  series  of  strong  strin, 
which  are  the  traces  of  planea  of  schillerisation.  Bfui. — ^Numerous 
brownish  secondary  enclosures  on  the  separation-planes  (fig.  30). 

NoU — DiaJlii^e  should  now  be  olnely  linknd  with  aogite,  oryitals  of  tha 
latter  being  wA  timsa  diallagio  on  the  eagM.  It  pasus  veiy  commonly  ioto 
hornblende. 

DiOPsiDE.  Cor^>.  —  MgCaSijOj.  A  pale  green  scarcely 
ferriferous  monoclinio  pyroxene,  often  colourless  in  seotiona. 
See  Augite ;  also  Olivine. 

DiFYBE  (see  Scapolites). 

Dolomite.  Comp.— (Oa,  Mg)0  0^.  5yrt.— Hexagonal  (Tri- 
gonal); almost  isomorphous  with  colcite. 

L  Oocnra  in  cavities  of  rocks  rich  in  calcic  and  magnesio 
nlicates,  and  may  easily  be  mistaken  for  caloite.  Ourved  iocea 
of  the  rhombobedron  frequent.  Forms,  in  minute  or  tXMnei 
granules,  whole  mnaaes  of  "  limestone,"  which  may  be  dia- 
tingnished  from  ordinary  limestones  by  higher  specific  gravity 
(2-efi  about)  and  action  with  acids  fsee  p.  70). 

IL  Like  calcite,  but  twinning  is  by  no  means  oommon  in  rock- 
building  forms.  Well  outlined  sections  of  rhombobedral  crystals 
are  charocteriatic  in  dolomite,  but  are  rare  in  caloite. 

EilXOLITB  (see  Nepheline). 

Enstatlt«  (see  Rhombic  Pyroxenes). 

Epldote,  variety  Pistaclte.  C<»nip.  —  H,  Ca^  (Al,  Fe),  Si,  0„. 
Sytt.  — Honoolinic. 

L  When  in  feir^uaed  carstalB,  almost  always  shows  the  oktx- 

11    .1,, 
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Kcteriatic  yellov-green  coloar.  Occurs  often  «■  a  deoompoBitdon* 
prodact  in  gbrouB  gronps. 

IL  (mm  fig.  29).  Farm — Fmm&tio,  bat  the  longer  direction 
b  reguded  aa  the  orthodiagonal  and  not  u  the  principal  azia. 
Hence  what  appear  to  be  croBs-aootiona  of  the  prism,  with  on 
angle  of  115*  27  ,  mnst  be  read  as  bounded  by  the  base  and  the 
orthopinacoid.  Occura  very  often  as  irregular  grannlea,  spreading 
throDgh  the  rock  where  deoompoaition  of  lime-Bilicatea  has  gone 
on.  At  other  times  colourless  or  coloured  little  prisma  are  seen 
projecting  int«  cavitiea  which  have  aince  been  filled  with  pale 
green  chlorite.  CUav. — Basftl  perfect,  orthopinaooidal  often  good. 
Hence  on  the  rhomboidal  aeotion^  which  %t  first  suggest  a  pale 
hornblende,  there  are  at  times  two  cleavages  parallel  to  the 
ODtline;  and  a  slight  obliquity  in  the  cutting  will  make  the 
obaraoteristio  angle  of  epidote  agree  with  that  of  the  hornblende 
prism.  Rejr,  Index — ]'7fi,  or  almoat  aa  high  aa  that  of  common 
garnet.  Ci^ovr — At  times  colourless,  but  typically  pale  yellow 
or  a  faint  yellow-green  in  which  yellow  largely  predominates. 
fleo. — Faints  J).  Re/r. — Stronger  than  common  pyroxenes  and 
amphiboles.  Optic  axial  plane  parallel  to  clinopinocoid  and 
therefore  perpendicular  to  the  longer  direction  of  the  crystals. 
Eatind — Parallel  and  perpendicuh^  to  the  edge  formed  by  the 
baae  and  orthopinacoid  in  sections  parallel  to  these  planes,  and 
thus  "straight"  also  in  almoat  all  the  sections  that  took  priamatia 

In  clinopinoooidal  (rhomboid)  sections  eztinctioD  is  practicallj 
parallel  to  the  traoe  of  the  orthopinacoid  ;  in  the  rhomboid  seo- 
tions  of  an  amphibole  it  would  oconr  parallel  to  the  diagonals. 
OpL  Sign — Vibration-direction  for  the  fiwtest  ray  ia  nearly 
parallel  to  principal  axis  and  is  the  acute  bisectrix.  Twina^ 
Occasionally  seen ;  composition-plane  parallel  to  orthopinacoid. 

JPo(«.— Compare  Zoisite. 

Felsp&rs  (see  Orthodaae,  Microcline,  and  Flagioclases). 

Fluob-spab.     Comp. — Oa  F^     Syat. — Oubio. 

L  Oacurainalteredrocks,sometimes  with  tourmaline;  common 
colour  violet,  appearing  in  patches  between  the  other  minerals. 
Hiurdnees  =  4. 

n.  Form — Sometimes  shows  defined  edges ;  generally  irregular. 
Chao. — Octahedral,  perfect^  the  intersections  at  times  anggeating 
caltnte.  Zon. — Coloured  zones  occasionally,  somewhat  imperfect 
and  sporadically  developed.  £e/r.  Ind^ — 1-433;  lower  than 
that  of  the  balsson.  Colour — Colourless,  but  ofc«n  with  violet 
patches  irregularly  developed.  This  colour  is  characteristic  in 
aroall  grains  that  might  ottierwiae  remain  undetected.  J).  Jif/r, 
— None.    Isotropic. 
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Oamet    (7a»^— (Ca,Fe,Mg,Mn)g(Al.FeBCr,)Si,Ou.    Sjfat. 

L  Commonly  red,  and  eoBil;  picked  out  on  broken  surfaces  of 
rocka.  Kot  scratched  with  the  knife.  Fonne  Rpproaching  the 
rhombic  dodecahedron,  often  rounded.  The  other  minerabi  of 
the  rook  are  often  bent  round  the  hard  reaiating  gamete,  which 
prodace  an  eye-atmotiire  and  stand  oat  like  Imots.  The  easy 
fusibility  of  common  garnets  is  a  guide  in  cases  of  doubt. 

II.  Form — Id  some  laraa  sharply  outlined,  but  almost  always 
in  oToid  or  spheroidal  grains,  small  or  large,  ^ese,  in  some 
*  flaseismbbroa,''  form  a  zone  around  decomposing  minerals. 
Cleav.— Sot  always  seen ;  parallel  to  rhomluc  dodecahedron, 
fnc^ — Common,  of  all  kiitds,  sometimes  regularly  arranged. 
Zon. — Ocoasionally  seen,  as  in  the  coloured  zones  of  melanite 
(Ume-iron-titanium  garnet).  Se/r.  Index — Exceptionally  high, 
about  1770.  The  outlines  become  thns  very  strongly  marked 
where  they  oome  against  most  of  the  other  minerals  in  a  slide. 
Coioitr — Colourleaa  to  pink  or  brown  (melanite).  Commonly  a 
pale  but  unmistakable  pink.  D.  Rejr. — Isotropic,  but  with  fairly 
frequent  anomalous  doubie-refraotion  in  grey  tints.     (Fig.  43.) 

Obdbitb  (see  Anthophyllite). 

OiiAucoinTE  (see  Index). 

Olacoophahe  (see  Soda-amphiboles). 

GypfliuiL     Comp. — Oa  8  O.  +  2  HjO.    ■Sj«(, — Monoclinic. 

L  Found  in  washings  of  clays ;  also  as  crystalline  masses 
{gypsums  of  the  Alps;  ^boaters).     Scratchable  with  the  thumb- 

IL  Form — Commonly  seen  as  little  rhomboidal  cleavage- 
flakes.  The  angle  between  the  basal  and  orthopinacoidal 
ideavages,  which  bound  these  forms,  is  113°  61',  and  is  often 
useful  for  measurement.  Gleao. — Olinopinacoidal  perfect  j  the 
two  cleavages  above  mentioned  are  also  well  developed.  A^. 
/nefec— 1-&24  (7o2otw— Colourless,  D.  .£^.~Low;  beautiful 
liear  colours.  Optic  axial  plane  is  the  olmopinaooid.  Twint 
— Fairly  eommon,  on  orthopinacoid,  producing  the  "arrow- 
head twin." 

KanuTiTK.  Comp.— FejOj.  Stftt. — Hexagonal  (Trigonal). 
In  sections  shows  clear  orange-red  plates,  or  granular  patches 
associated  with  magnetite  or  decomposing  ferriferous  minerala. 
By  reflected  light  characteristic  red  colour.     See  Limonite. 

Haothk.  Comp.— (Nag,  Ca),  Alg  Sig  0„ .  8,  Og.  Bee  Koaean. 
,^s(.— Cubic. 

L  Sometimes  rect^nisable  as  blue  or  dark-grey  crystals  or 
granules  on  broken  surfaces  of  lavas.  Vitreous  lustre  when  blue 
and  fairly  fresh. 
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II.  Form — Hexagonal  or  iqnare,  reanlting  mainly  firom  sections 
of  rhombic  dodecahedro.  Minute  in  moat  inatanoes,  bnt  ooca- 
Bionallr,  as  in  roclu  of  Melfi  and  Niedermendig,  appears  in  por- 
ptiTritic  crystals.     fn«{.— Abnndant  minute  enclosnrea  gronpei) 

.  in  Btraight  lines,  often  rod-like  and  at  right  angles  to  one  another. 
Under  a  ^inoh  objeotive  these  appear  like  a  black  cross-hatohinf;, 
which  is  particularly  marked  towards  the  centre  of  the  crystal. 
Zar^ — Often  a  darker  or  lighter  zone  at  edge.    Where  the  crystal 

-  is  corroded,  the  dark  zone  ofben  follows  the  ontline  and  is  thas 
seen  to  be  a  phenomenon  of  alteration.  Sometimes  (as  at  Melfi)  a 
blue  zone  runs  round  the  margin,  the  centre  being  almost  colonic 
less.  £e^.  Ivdex — About  1-5,  or  lower  than  the  balsam,  but  not 
so  low  as  fluor.Bpar.  Cofowr— Colourless,  with  grey-blue  dusky 
centre;  or  blue  throughout;  or  beautiful  clear  blue  towards 
margin  and  oolonrlese  within.  Should  be  examined  with  high 
power,  when  the  blue  interspaces  can  be  distinguished  from 
the  dusky  efifect  due  to  enclosures.  Z>.  Refr. — Isotropic;  but 
occasional  anomalies,  as  in  leuoite,  the  colon rs.  being  very  low 
greys. 
NoU. — See  Noceau.    Lafib-Lazuu  appears  to  be  so  allied  ipedes. 

Hornblende.  Cimp. — Approximately  (Mg,  Ca,  Fe)  Si  0,  with 
often  much  Al^O,  and  Ft^Og  (see  droth,  Toh.  XJAvrmuM,  1898, 
p.  151).  Closely  comparable  to  the  monoclinic  pyroxenes.  Sy^. 
— Uonoolioic 

L  Iiike  augite,  but  prisms  often  longer,  and  of  more  fibrous 
aspect.  Tends  to  fiirm  in  radial  bnnchea  in  fiasnres  and  on  joint- 
surfaces.  Common  in  minutely  fibrous  and  actinolitio  forms  as 
a  product  of  paramorphism  &om  pyroxene. 

Sharagdite,  which  is  thus  produced,  is  a  bright  green,  as  seen 
in  many  gabbros.  On  many  rock-sur&ces  the  form  of  the  cross- 
sections  of  the  prism  ^see  below)  can  be  clearljr  seen. 

II.  Fvm — Prismatic,  commonly  with  six-sided  cross-sections, 
the  bounding  planes  being  the  prism  and  the  cliijopinaooids. 
Prism-angle  about  124°,  the  rhombus  thus  formed  being  out  off 
at  its  acute  angles  by  the  traces  of  the  cUnopinacoids.  Often 
ininnte  fibrous  groups  and  veins  oocnr.  Surrounds  and  is  inti- 
mately associated  with  altering  pyroxenes.  Cleav. — Prismatic ; 
in  cross-sections  the  cleavages  commonly  show  very  clearly,  the- 
obliquity  of  their  angle  contrasting  with  the  rectangular  cleavages 
of  the  pyroxenes  (figs.  26, 3S).  Snel. — Being  itself  so  often  a  pro- 
duct of  alteration,  does  not  pass  into  schillerised  types  such  sa 
are  prevalent  among  pyroxenes.  2<m. — Somewhat  rare ;  a  dark 
sone  of  alteration  sometimes  appears  at  edge,  where  the  crystal 
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hu  been  acted  on  by  a  hot  matrix,  separation  of  magnetite  baring 
taken  pUoe.  Befi:  Index—Aho^l  1-65;  tbos  ebowB  pitted  eur* 
&oeB.  Colour — Pale  yellowish  to  strong  brown  (varieties  with 
much  ferric  oxide);  or  pale  green  to  dark  bluish-green.  8k*.bao- 
DITB  is  often  almost  orcompletely  colourless  in  section;  in  thicker 
seotiona,  a  clear  grass-green.  The  fiK»-pleochtoism  of  hornblende 
oaoses  sections  parallel  to  the  prinoipal  axis  to  be  of  a  distinctly 
darker  colour  tiian  the  cross^ectioos.  Flao. — Very  marked  in 
the  ooloured  varieties,  l^e  axis-ooloure  giving  yellow-broim  to 
deep  brown  or  almost  black,  and  pale  yellow-green  to  strong  dark 
green.  In  vratical  sections  the  maximum  coloration  oooura 
when  the  shorter  diagonal  of  the  nicol  is  parallel  to  the  princi])al 
axis.  Oompere  tourmaline  and  biotite.  D.  R«fr. — Fairly  strong  ; 
colours  like  augite.  Optic  axial  plane  in  the  clinopinacota. 
Extinct. — On  clinopinaooid  sometimes  almost  "  straight ;"  angle 
with  principal  axis  commonly  about  10*  or  12',  rising  to  22*. 
Hence  in  random  prismatic  sections  typically  a  small  angle,  as 
opposed  to  that  of  angite.  The  longer  direction  in  prismatic 
sections  is  practically  parallel  to  the  slowest-ray  vibratioa-traoe. 
Twin» — Fairly  common,  mostly  simple;  compo3ition-&ce  parallel 
to  the  orthopinacoid.  The  pleochroism  makes  their  detection 
ea^  by  means  of  the  single  niool  only,  the  two  halves  appearing 
differently  tinted 

A0(c— Theoleavagei  in  enxi-Metioni  form  a  lafe  nteuit  of  distingoishing 
the  amphib^M  Irom  the  pTroxene* ;  the  pletwfaroiam  ia  «I«o  commoalj  an 
eioellent  guide,  bat  it  miut  be  remembered  that  pale  homblondai  oatinot  be 
■tronglf  [deoohroio,  while  loda-pyroxenM  «re  so  m  a  fair  degrea.  Note  aleo 
theoommon  form  of  tke  arou-Motiona  The  destructiTe  action  of  the  Bugma, 
refarrcd  ta  above  nnder  "ZoaiDg,"  often  Uavee  only  black  and  opaque 
•keleton*  of  the  bomblanda  crvitals  (aompare  BioClte).  For  allied  amidii- 
bolee  lee  aotiiiolite,  soda-ampbibole,  and  tremolite.    Also  anthophjllite. 

Hypenthene  {see  Rhombic  Pyroxenes). 

nmeolte  (see  Titanic  Iron  Ore). 

Ibon. — Native  iron  is  of  very  rare  ocourrenee  except  in  meteo- 
rites. It  may  be  micro-chemit^lly  treated  by  placing  a  drop  of 
fund  solution  of  oapric  sulphate  on,  a  grain  or  section ;  if  native 
iron  is  present,  copper  wiU  be  at  once  deposited.  It  also  decom- 
poses the  solution  of  ammonium  molybdate  used  for  detection 
of  phosphates,  a  fine  blue  precipitate  being  formed,  which  does 
cot  occur  when  iron  oxicleB  are  examined.  Metallic  iron  is 
whiter  and  more  lustrous  than  magnetite  when  viewed  with  re- 
flected light  nnder  the  microscope.    Opaque  in  transmitted  light. 

Iron  ^ritea.  Comp. — Fe  Sj.  SyU. — Pyrite  is  cubic  (the  euily 
decomposing  habcasitb  is  rhombic). 

I.  TiM  coCHO  fmnn  is  oommonly  recognisable  witli  the  eye  or 
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lens;  the  haJ*dnMB(  =  6'5)distiiiguiBhesitfromp7rrhotine(4)  and 
copper  p^ritee  (3'S).    The  colour  is  also  whiter  and  more  brossv. 

II.  Form — Squares  or  granules.  CoIouiT — Opaqno  by  trans- 
mitted light.  Shows  a  brass-yellow  coloar,  almost  silvery-yellow, 
by  reflected  light.  Easily  ^na  distinguished  from  magnetite. 
Sometimes  decomposed  to  opaque  brown  or  brownish- white 
paendomoTphs. 

Kaolin.     Comp. — H^  Al, Sij  0»    ^^^Monoclinic  or  triclinic 

1  l^e  soft  white  decomposition-prodnct  of  felspars,  often 
found  as  a  powder  between  the  crystals  of  granitoid  rocks  or  in 
the  matrix  of  elvaus,  ko. 

n.  Form — Occasionally  shows  well-defined  hexagonal  plates. 
Colour — Colourless.  The  powde^  products  occurring  in  sections 
of  felspars  appear  opaqae  white  by  reflected  light  D.  B^r. — 
Being  extremely  thin,  the  little  plates  may  give  low  colours, 
though  the  double  refractioa  is  in  reality  strong.  ExHneL — 
Basal  plates  are  not  isotropic ;  they  have  been  said  to  extinguish 
p^rall^  to  lines  which  are  not  perpendicular  to  any  of  the 
bounding  edges. 

Etaititb.     Cottnip. — AljSiOg.     5yrf. — Triclinic. 

I.  Known  by  ite  beautiful  bhie  colour  and  easy  macropinacoidal 
cleavage,  the  mineral  becoming  truly  latlt-shaped  on  fracture. 
Sometimes  in  little  blue  grannies,  the  colour  being  more  delicate 
than  that  of  haiiyne.    Found  in  some  rocks  of  metamorphic  origin. 

IL  Form — Often  granular.  Clean. — Distinct.  Refr.  Index — 
High  ;  slightly  above  olivine.  Colour — Colourless,  but  blue  in 
thick  sections.     D.  Refr.- — Between  felspan  and  augite. 

Labradorite  (see  Plagioclases). 

Lenclta    Com^. — (E,,  Na^)  AljSi.Oj,.    S*i»t. — Probably  cubic 

L  Small  or  lai^  opaque  white  spneroidal  crystals  (icosltetra- 
hedra  more  or  less  rounded  by  external  action).  The  small  ones 
appear  dull  white  throughout^  but  the  larger  show  on  fracture  a 
translucent  interior  with  almost  a  gummy  lustre.  Hardness 
very  little  below  that  of  felspars.  At  present  known  almost 
exclusively  in  lavas. 

Q.  iorm — Octagonal  or  almost  circular  sections ;  several  often 
grouped  togeiher.  Gleav. — Not  visible.  End. — Foreign  bodies, 
such  as  glass-enclosures,  are  cflen  grouped  regularly  in  sones  or 
radially,  forming  sometimes  a  considerable  part  of  the  bulk  of  the 
cryataL  The  smaller  leuoites  in  the  groundmass  of  lavas  seem 
particularly  to  affect  this  habit.  Zon. — As  above  stated,  marked 
by  enclosures.  R^.  Indtx^ — 1-508,  and  thus  below  that  of  the 
balsam.  Colour — Colourless,  but  becoming  earthy  brown  where 
decomposed.      P.   S^. — The  smaller  crystals   are  commonly 
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isotropic;  bat  the  larger  show  a  complex  system  of  Uunelln 
croHsing  oae  another  and  light  or  dark  grey  in  colour.  la  very 
thick  sections  (say  2  or  3  mm.)  these  lamelUe  appear  brilliantly 
oolonrad,  like  thick  glass  under  stress.     (Figs.  37,  40.) 

Sou. — Infusible,  girea  strong  potsiaiiiin  flame-resotion  (p.  86),  and  does 
Bot  geUtinUe  in  H  CI.     Compara  ADaloime. 
LsDOoXKHi  (see  TiUuio  Iron  Ore). 

Limonite.     Comp. — HgFe^Og.     A  common  earthy  brown  pro- 
duct of  the  alteration  of  ferri&rous  minerals.      Orange-brown 
■tains  around  sections  of  snob  minerals  in  altered  rocks  may  be 
attributed  to  limonite.    Seen  commonly  as  a  cementing  material 
in  sandstones.     Yellowish-brown  by  reflected  light. 
Magnetite.     Comp. — Fe,  0,.     SyO.  —  Cubic 
L  Iron-black  grains  or  octahedra,  with  lustrous  fracture-surfaces. 
N'ot  scratched  by  knife.    Well  developed  in  some  chlorit«-Bchists. 
II.  Form — Sections  of  octahedra  (squares  and  hexagons),  or 
mere  grains  and  patches.     In  the  glassy  groundmass  of  rocks 
forms  skeleton-crystals  of  cross-like  patterns,  or  rods  and  strings 
of  united  crystallites.     Occurs  also  as  a  product  of  the  decom- 
position of  minerals,  when  iron  is  left  behind  after  the  removal 
of  other  bases.     Thus  the  cracks  of  olivine  are  often  marked  out 
by  magnetite  (fig.  31),  and  the  hornblendes  of  some  lavas  become 
dissolved  away,  leaving  a  skeletal  pseudomorph  of  magnetite 
granules.     Colour — Opaque  even  in  titinnest  sections ;  steel  grey 
by  reflected  light. 
NoU. — Compare  Chromite,  lim  pyritesy  sod  Tilanio  iron  on, 
Melilitk  (see  Index). 

MCBB. — The  members  of  this  important  group  that  are  most 
frequently  met  with  have  so  many  characters  in  common  that 
these  are  treated  together  here.  Comji. — Two  broad  chemical 
groups  may  be  formed,  the  alkali  micas  and  the  magnesiiuD-iron 
micas ;  writing  the  bases  in  descending  order  of  importance,  the 
micas  of  the  latter  group  are  silicates  of  magnesia,  alumina,  iron, 
and  alkalies,  while  those  of  the  former  are  silicates  of  alnmino, 
sikalies,  iron,  and  magoesiB.  Jyrt,— Probably  all  are  monodinia 
L  The  micas  appear  as  lustrous  little  plates,  silvery,  bronze- 
coloured,  green,  or  black,  with  a  most  exceptionally  good  basal 
cleavage.  The  knife  scratches  them  easily,  producing  a  very 
characteristic  grating  sound,  audible  even  when  minutelakes  are 
operated  on.  The  thumb-nail  scratches  them  with  difficulty,  if  at 
all  (compare  chlorite).  Viewed  from  the  side,  the  cleavage  give* 
them  a  lamellar  appearance  and  the  characteristic  lustre  is  lost. 
II.  Form — Hexagonal  basal  sections,  oflen  mere  platy  areas 
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with  ngged  edges.  The  iMnellftr  ch&ncter  o»n  oommonl^  be 
nen  b;  exammiag  the  niargiii  of  such  seotiona  with  &  ^  or  4-iiich 
power.  Vertical  aectiona  »re  rectangular  j  but  oommonly  the 
traces  of  the  priam  planes  are  lost,  the  eages  of  the  oleavage-planea 
giving  a  ra^ed  fibrous  bouadary,  and  the  traces  of  the  basat 
planes  being  on  the  contrary  veiy  sharp.  Often  bent  and  da- 
formed  among  the  other  more  resiBting  minerob.  Gltao. — 
Basal,  exceedingly  well  marked.  End. — Dark  patches  often 
appear ;  some  may  be  true  enclosures,  while  others  are  dereloped 
around  colourless  enclosures  of  eiroon,  &C.  Zon, — Ooloured  zones 
sometimes  (but  rarely)  visible  in  basal  sections.  Refr.  Index — 
Hicher  than  quartz  (  =  about  1'68).  C<dov/r — Colourless  to  brown 
and  green.  Darkest  in  basal  aectiooB.  Decompose  to  green 
chloritic  products.  Pieo. — Very  strong  in  coloured  varieties. 
Darkest  tints  oooar  when  the  cleavage-lines  are  parallel  to  the 
shorter  diagonal  of  the  niooL  D.  Rafr. — Exceptionally  strong 
(about  "04),  being  higher  than  common  epidote.  The  optic  axial 
plane  is  parallel  to  the  clinopinacoid  or  the  orthopinacoid ;  the 
basal  sections  (or,  better  still,  cleavage- flakes  taken  &om  the 
rock-specimen  direct)  ehow  admirable  %uree  with  convergent 
Ught)  the  optic  axial  angle  being  0°  to  about  70°.  Sxtinet. — 
Verticai  sections  extinguish  perpendicular  and  parallel  to  the 
basal  cleavage,  the  minute  deviations  from  this  rule  not  being 
recognisable  in  rock-sections.  Opt.  Sign — Negative ;  the  princip^ 
axis  is  practically  the  vibration-direction  for  the  fastest  lay,  the 
deviation  of  the  acute  bisectrix  from  it  being  inappreciable. 

iToU. — See  Blotite,  HiiBoovit«,  and  Phlogopite.  In  n»«m  of  doabt  it  is 
beat  to  apeak  merely  of  "dark  mics"  or  "  light  mioa"  nntil  better  teats 
can  be  applied. 

MioKOOLtME  and  Soda-Mioboolihi  (Anobthoolabe). — Comp. 
— Like  orthoolaee  and  soda-orthoolaM.  Syit. — Triclinio;  pseudo- 
monoclinio. 

I.  The  common  felspar  of  graphic  granite.  On  its  surfaoea 
the  lens  generally  reveals  a  structure  of  opaque  little  whitish 
rods  crossing  at  right  angles  and  alternating  with  somewhat 
more  translucent  areas.  Flesh-red,  yellowish,  or  green  (Amason- 
stone).     G  =  2-fi7,  to  260  in  soda-miorocline. 

n.  Resembles  ortboclase,  bnt  shows  with  crossed  nioola  a 
more  or  less  defined  system  of  repeated  twinning,  the  minute 
lamellar  oomponents  crossing  one  another  nearly  at  right  angles 
and  producing  a  ooloured  mesh-work.  One  group  of  these  com- 
ponents re{n«sent8  twinning  with  oompoaition-planes  parallel  to 
the  braohypinaooid,  the  other  parallel  to  a  maorodome.  As 
BoseubBsoh  shows,  if  one  group  be  set  upright  in  the  field,  and 
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rotated  untU  extinction  oocnrB  in  on«  of  the  B«ta  of  lunellie 
oompoung  it,  one  set  from  tlie  group  lying  perpendicular  to  the 
first  if,  in  most  sections,  simoltaneoosly  extingnished.  Black 
bukds  crossing  one  another  at  right  angles  are  tbos  oonspicnous 
in  the  field.  The  extinction  angle  for  the  lamellie  is  15^°  on 
basal  cleavage-plates ;  in  the  zone  psr&llel  to  the  macrodiagonal, 
the  mtucimum  angle  is  18*.    (See  Pl&gioclases,  p.  176,  and  fig.  26.) 

MoMOVite.  Comp.—B..  K,  AJg  Si,0^  or  H,  K  Alj  Si,  Oi,  (atter 
Grolh).  A  typical  and  common  tuamina-alkali  mica.  For 
general  characters  see  Micas.     Special  points  : — 

L  Oommonly  light-ooloured  and  silvery,  bat  approaching  black 
as  the  crystals  become  thicker.  Tery  common  in  mica-sohiats 
(often  with  bkricitk  and  other  vsrieties) ;  also  in  many  granites. 

n.  Colour — Colourless  or  palest  yellow-brown,  PUo. — Some- 
times barely  visible,  bat  striking  if  any  tinge  of  coloar  at  all 
occurs  in  the  mica.  2).  Reft. — Not  quite  so  strong  as  in  biotite^ 
but  still  exceptional.  Colours  commonly  pinks  and  greens  of 
third  and  fourth  orders,  or  high  white.  Sections  paraUel  to  the 
basul  cleavage  are  not,  as  in  typical  biotite,  practically  isotropic, 
but  show  marked  changes  during  rotation.  This  point  may  be 
conveniently  observed  in  cleavage-flakes.  Optic  axial  angle  wide 
(SO'  to  70*),  the  figure  with  convergent  light  being  a  striking  one 
and  easily  obtained  with  fairly  thick  cleavage-plates.  Optic  axial 
plane  perpendicular  to  clinopinaooid.    The  trace  of  the  optie  axial 

Slane,  which  is  easily  found  by  the  axial  figure,  is  the  vibration- 
irection  of  the  slow  ray  in  the  cleavage-flid^e.  (Figs.  24  and  4S.) 
ifof«.^-SnuaiTS  and  oonimun  "hydr«-tiiioM"  ue  aoTered  by  the  sbova 
deaaiptitm ;  water  Is  now  admitted  to  be  basio  in  all  micas.  See  Micas, 
Biotite,  and  Phlt^opite. 
fiATBOLiTK.   (7oi»p. — NajAl,Si,Ojg-i-2HjO.   5'yst — Rhombic 

I.  A  common  prodnct  of  the  decomposition  of  snch  sitioates  as 
nepheline,  soda-felspars,  iui.  Occurs  in  radiating  fibrous  groups, 
colourless  or  stained  light  brown.  Hardnees=*5-6,  but  difficult 
to  test  in  the  rock,  owing  to  the  brittle  nature  of  the  prismatdo 
crystals.     See  Blowpipe  characters,  p.  74. 

II.  Form — Like  most  seolites,  forms  radiating  groups  of  prisms 
in  decomposing  minerals  or  in  cavities  of  the  rocx.  Refr.  Index 
1  -483 ;  below  titat  of  felspars.  Cofour^Colourless.  D.  R«fr.— 
Oommonly  bright  first  order  colours.  The  fibrous  groups  natur- 
ally show  a  partial  or  complete  dark  cross  with  crossed  nicols 
(seep.  149).  Extirvei — ^lombic  Opt.  Sign — Positive;  the  longer 
direction  of  the  prism  is  that  of  vibration  for  the  slowest  ray. 

MephaUne.  (7omp.— Approximately  (Na^  K^)  At,  Si,  O^  (Se« 
p.  74.)     ,l>ytt. — Hexagonal. 
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I.  Brown  or  greeDisli  greasy-looking  masses  in  bolocryBtalliuft 
TOcka  (bIiSOLITb),  or  oolonrleBs  grainB  and  short  hexagonal  priams 
in  Uvas.  Excellently  seen  thug  in  the  latter  form  in  the  well- 
knovn  basalt  of  Kat^enbackel,  Odenwald,  where  it  plays  the 
part  of  a  porpbyritio  felspar.  Hardness  =  65;  thus  just  scratched 
with  a  kniie  when  &esh. 

Very  easily  decomposed,  and  then  prodaoes  soft  grey-brown 
areas  and  pseudomorphs,  in  which  recrystallisation  is  going  on, 
resulting  in  zeolites.  On  some  phonolites  the  little  hexagonal 
oroBs-sections  of  nepheline  can  be  picked  out  with  the  eye  a» 
OfMone  lighter  patches  in  a  grey  or  brownish  groundmass. 

IL  Form — Irregular  grains  (eljolitb)  or  short  hex^onal 
prisms,  giring  squares  and  hexagons  as  the  most  typical  sections. 
CUa/o, — Not  seen.  Ew^. — Common,  arranged  in  zones.  Ztm. — 
Gommon.  B^t.  Indeee — 1-513.  Colow — Colourless.  When 
deoomposed,  a  very  ohftracteristio  earthy  yellowiah-brown. 
Z>.  Se/r. — Colours  like  apatite;  lower  than  felspars.  Hexagonal 
sections  isotropic,  unless  oblique.  When  altered,  gives  fibrous- 
aggregate  efibct.     Opt.  Siffn—l!l%gB,Uve.     (Fig.  34.) 

Note. — Gampu«  kpatita  uid  noaeui.    See  alao  uuddmeand  natroUte  lor 

deaompoaitioQ-productB.  In  the  eUwltte-syamtM  the  we»ker  donble-rafrac- 
tion  help*  to  dittuigalBh  the  elnolite  from  the  ontwinned  £tltpan,  whQe 
oonTsrgeut  light  of  ooune  givei  a  nni«Ti«l  ggnra. 

NoBKAK.  Comp.— N»,(,  Al,  Si,  0„ .  8,  Og  ( =  Nag  Al,  Si,  0^  + 
2  Naj  8  0^).     Si/»t.—Oahic 

L  Often  visible  as  dark  grey  hexagonal  sections  on  the  rock- 
snr&oe.  Forms  thus  darker  patches  in  the  grey  or  browa 
groondmass  of  some  phonolites;  sometimes  opaqne  light  brown. 

IL  Like  haiiyne,  but  commonly  larger,  and  colourless  to- 
grey  ish-brown.  Dark  outer  zone  often  conspicuous  (as  in  the  fine 
corroded  examples  in  the  lencitite  of  Bieden,  Eifel,  seen  in  fig.  37). 

Jfote. — Sea  HaByne.     Noseui  or  haflyne  nan  be  treated  mloToohBinioaUj 

by  deaompoBiiift  with  f"'-*-  >■- -> — "-i — :-*  — -* " —  -'■ ■'" 

moderate  temperatno 
'Mmmonly  in  radiatis 

OUgoolase  (see  Flagioclases). 

Olivtne.     Oomp.~^g,  Fe),  Si  O^     Syit. — Rhombic. 

L  Qraniilffli  or  approximately  rectangular  crystals,  somewhat 
conspicuously  marked  out  by  their  yellow-green  colour  and 
riassy  lustre  from  their  aurroundings,  whi^  are  commonly 
darker  silicates.  Not  scratched  by  the  knif^  Sometimes,  wiui 
chromite,  builds  np  considerable  rock-masses.  Diopside  may  be 
mistaken  at  times  for  olivine.     When  altered,  however,   th» 
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appearanoe  of  oliTi&e  cbongeB  greatly.  It  becomes  soft  and 
grey-green,  or  even  block  if  much  magnetite  hu  separated  out 
within  it.  Thus  in  the  "Forellenstein"  (Troctolite)  of  Volpera- 
dorf  or  the  Lizard,  and  in  many  rocks  with  "lustre-mottling" 
(see  p.  101),  the  mineral  appears  as  dusky  grey-black  granules, 
and  might  be  mistaken  in  some  gabbros  for  a  deoomposing 
pyroxene.  It  is  very  important  to  Dear  in  mind  this  masking 
of  olivine  by  its  decomposition-products  (fig.  31). 

IL  Form—  Rarely  a  perfect  outline,  but  typically  an  elongated 
hexagon;  in  many  lavas  and  in  rocks  with  granitic  structure, 
irregular  forms  or  elliptioal  grains;  also  common  as  groups  of 
grains.  Very  often  cracked  and  oorroded  in  lavas,  since  it  occurs 
as  a  porphyritic  constituent.  GUav. — Not  often  visible.  Encl. 
— Liquid  and  other  enclosures  oommon,  often  in  delicate  ramify- 
ing forma  Schillerisation  may  be  studied  in  alt  stages  in  olivine, 
some  sections  finally  looking  almost  diallagio  (as  in  the  dolerite 
of  Kentallen,  Appin).  Rtfr.  Index — 1-6T9  ;  near  the  pyroxenes. 
Colour — Colourless.  Faint  yellow-brown  in  the  exceptionally 
ferriferous  varietiea  Al  teraUon-producta  green  of  various  shades, 
occurring  on  margin  and  along  cracks  (fi^  38),  often  with  develop- 
ment of  opaqne  granules  (magnetite).  Pleo. — The  green  decom- 
poaition-produota  are  pleoobroic;  D.  Stfr. — As  strong  as  epidote; 
weaker  than  mnsoovite.  Extinct. — Parallel  to  the  axes  of 
symmetry  of  most  of  the  sections. 

NotA.—¥TtqmtioX\j  only  to  ba  traoad  u  pMndomorpbs  (■«•  Sarpeatise). 


Opal.    Comp. — SiOj;  perhaps  scnne  water.    Sy»t. — Amorphous. 

L  Opalescent,  appearing  bluish  by  refieat«d  and  brownish 
by  transmitted  light.  Sometimes  clear  and  oolonrless  (hyalite). 
Occurs  with  chalcedony,  commonly  in  cavities  of  rhyoUtio  or 
trachytio  lavas.     Hardness  sometimes  below  6. 

n.  In  sections  colourless,  sometimes  showing  iridescent  flaws 
by  reflected  light.  Isotropic,  with  occasional  strain  phenomena, 
prodncinE  a  black  cross  between  crossed  nicols.     See  Chalaedony. 

Orthot&ae.  Comp.—{K^  NaJ  Al,  Si,  0^.  5y»<.— Monoclinio, 
orpseudo-monodinic. 

I.  Prismatic  or  granular.  Olear  and  oolonrless,  with  &int 
brownish  exterior  and  vitreous  lustre  (sahidihk  of  lavas)  to 
nearly  opaque  wUte,  grey,  brown,  or  red  crystals  (common 
orthoclase).  Oooasional  schillerised  and  iridescent  forma. 
Oleavage-pla&es  well  marked,  basal  and  olinopinacoidal,  with 
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Titr«ons  to  pearly  lustre.  H&rdneas  —  6,  G  —  3-66-2*68. 
-Strong  potMsium  reaction  in  flame.  Twin  forms  very  often 
reoognisable,  the  Carlsbsd  type  being  commonty  formed  of  two 
interpenetrant  indirtdnala  and  giving  forms  flAttened  parallel 
to  the  oUnopiuaooid,  with  a  re'entrant  angle  formed  by  the 
basal  planes  both  above  and  below.  Where  the  outer  form 
is  obscure,  as  in  most  granites,  the  fraatared  snr&ce  of  the 
Tock  shows  oryaUts  with  the  basal  cleavages  sloping  in  one  half 
towards  the  eye  andin  the  other  and  duller  half  away  from  it, 
giving  thus  evidence  of  the  simple  twinning  (p.  16). 

II.  Form — Prismatic;  cross-sections  approximately  rectangu- 
lar. Barely  truly  granular,  and  thus  differing  from  quartz. 
Cleao.—Diatiaob,  often  in  both  principal  directions,  and  marked 
by  dusky  decomposition-products.  !Not  ordinarily  seen  in  hani- 
DIITK,  which  shows  rudely  parallel  cracks.  EncL — Common. 
Frequently  schillerised.  Z<m. — Zones  fairly  common.  Eejr. 
Indix — 1'623.  Little  below  quartz,  and  thus  close  to  that  of 
-the  balsam.  Colour — Colourless,  with  dusky  grey  decomposi- 
tion-produots  (fig.  26);  white  mica  is  very  commoD  among  these. 
Sanidikb  is  as  dear  and  colourlees  as  quartz  (fig.  33).  D.  R^. — 
Weak  (-007) ;  colours  grey  in  thin  sections ;  brighter  tints  of 
first  order  in  many  ordinary  sections.  Optic  axial  plane  either 
in  olinopinacoid  or  perpendicular  to  it,  the  latter  case  being  by 
far  the  most  oommon.  The  plane  is  then  almost  parallel  to  the 
base.  Srtinet. — Straight  in  sections  ftom  the  orthodiagonal 
zone,  and  occurring  at  21'  from  the  principal  axis  in  the  dino- 
pinaooid,  the  measurement  being  made  towards  the  obtuse  angle 
formed  by  the  traces  of  the  base  and  orthopinacoid.  Well  ob- 
served on  cleavage- flakes.  Tmnt — Simple  twinning  oommon, 
though  sections  may  easily  pass  through  one  half  only.  Plane 
•of  oompoaitioQ  often  step-like  or  irregular.  Oarlabad  and  Baveno 
tvrins  may  be  dlrtinguished  by  special  tests,  and  a  squareish 
.section  with  the  eomposition-piane  running  diagonally  is  almost 
sure  to  be  an  example  of  the  latter. 

NoU. — SoDA-ORTBOCLASB  ooimot  be  divided  off  satiifaatorily  from  oom- 
mon orthoclase,  aa  far,  M  tuij  rat«,  ai  rock-forming  types  ore  oo 

DiatingniBh  dear  orthoolase  from  quartz  bj  outline,  cleav^ 


oblique  ^rtinction  in  most  priamatio  secbiona,  and  twinning.    Where  deoom- 
poaitiOD  has  «et  in,  remember  that  qnarti  sbowa  no  anoh  products.     Dis- 


OTTBBLrcE  and  Chloritoid.  Comp. — Hj(Fe,  Mg,  Mn)Alj 
-Si  Of.     Sytt. — Uouoclinic  (perhaps  triclinic). 

L  Characteristic  iron-black  or  black-green  losenge-shapod  or 
«ral  plates  in  some  metamorphic  rocks.  Hardness  above  6; 
hence  sharply  distinct  from  oblorites. 
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IL  Diatmot  basal  cleav^e.  Oreenish-blue  coloar ;  the  central 
portion  is  ■ometimes  darker  and  shaped  like  an  honr-giaw,  a. 
lighter  area  appearing  on  each  side.     Marked  pleoohFoiam. 

NoU. — Ottrelite  is  well  obBeired  in  tha  whist  of  Ottres  in  tlie  lonth-eaat 
«f  BelglDm.  Some  nnoertainty  hangs  over  the  relstionB  of  ottrelite  sod 
tb«  mora  widely  distributed  chloritoid.  If  a  ehemieal  diffsreoM  really 
exists,  ottrelite  proper  oontains  manganese  t»  well  s«  niagnesia,  whiu- 
eUoritmd  does  Dirt. 

Peoooopite. — A  mica  of  the  ferro-magnesian  type,  with  little- 
iron.     For  all  general  characters  see  micas.     Special  points  : — 

L  Typically  bronze-cclonred  rather  than  black. 

n.  Colour — Oolourlesa  when  thin.  D.  Refr. — Basal  sections- 
deviate  from  isotropism  more  than  those  of  biotite,  the  optic  axial 
angle  being  typically  larger.  Bat  some  show  merely  a  black  otobs 
during  rotation  above  convergent  polarised  light. 

Ifott. — See  MUss,  Unsoovite,  sad  Biotite. 

Finite. — An  earthy  grey  pseudomorphoas  repliKement  of 
eordierite  and  other  silicates,  being  itself  a  hydrous  silicate  of 
alnmina  and  potash  with  some  little  magnesia,  iron  oxide,  and 
soda.  Produces  grey  patches  in  the  rock-mass,  or  sometimes,  as 
in  euritee  of  Anvergne,  well  bounded  prismatic  pseadomorpbs. 
Under  the  microscope  gives  fibrous  tufts  and  irregular  cloudy 
patches. 

Plagioclases. — This  great  group  of  felspars  forms  too  continnous- 
a  series  to  allow  of  the  separate  discussion  of  its  members. 
Cow^. — Silicates  of  alumina,  potash,  soda,  and  lime ;  the  gronp 
includes  ; — 


Alblte.     Na,  Ai,  Bl,  0,.  =  Ab. 
OlteOClaae-  *    Ab^  An,  to  Ab,  Ani. 
Andesllie-     AbgAn,  to  AbjAn,. 
lAbradorlte-    Abj  Ani  to  Ab,  An|. 
BytOWnlte.     Abi  An^  to  Ab,  An<. 
AnorOlite.    Ca  Al,  Si|  Oa  =  An. 

SytL — Triclinio;  closely  comparable  in  type  to  orthoolaae,  th& 
braohjpinacoid  corresponding  to  the  clinopinaooid  in  the  latter. 

I.  Oommonlr  prismatic,  but  may  be  minutely  so  or  granular. 
Colourless  and  glassy  to  opaque  white.  Sometimes  a  delicate 
blue-grey;  rarely  red.     Scliillerieed  and  iridescent  forms  occa- 

■  Ths  plsgiocilase*  between  albite  and  ssorthlte  are  commonly  regarded 
as  built  op  of  moleenles  of  these  two  felspars  in  vaiying  proportions ;  hence 
oUgDolase  beoomes  n Na, Al, 8i« On  +  CaAl|SitOs,  and  Uliradontd 
KHAl|Si«Oii  -t-  nCaAliSiiOa. 
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Bionally  seen  when  the  mineral  is  coarsely  developed ;  but  also 
known  in.  Boda-orthoclase.  Basal  and  brachypinaooidal  cleavage- 
planea  easily  «een,  partdcnlarty  the  former.  Hardness  -  6. 
Specific  gravity  rises  as  follows  :—Albite,  2-62-2-64;  oligoclaae, 
2-64'2'66;  aodesfiie,  2-66-2-69;  labradorite,  2-6L)-2'71;  bytownite, 
2-71-2-74;  anorthite  274-2-76.  (Kintze,  Mn«ralogie,  Bd.  ii,  p. 
1431).  Twin-forms  show  to  the  eye  or  lens  alternately  reflecting 
or  duller  lamelln,  according  to  the  position  of  the  anrface  of 
fracture  with  regard  to  the  cleavages  in  the  iodividual  lamelln. 
A  number  of  fine  lighter  or  dnlter  bands  U  thus  often  visible, 
especially  with  the  leas,  ptkrallel  to  the  longer  direction  of  the 
prismatic  form  (p.  16). 

Albite  is  often  found  filling  np  cracks  or  crystallised  in  cavities 
aa  a  mineral  of  secondary  origin. 

H.  Form — Prismatic;  cross-sections  approximately  rectangular. 
In  many  rocks  granular,  especially  when  developed  as  secondary 
products.  Often  greatly  corroded,  the  glassy  matrix  penetratiDg 
throughout  the  crystal  along  cleavage  or  solution-planes  (fig.  38). 
Cleav. — Sharp  in  the  coarser  forms ;  often  in  these  marked  out 
by  dusky  decomposition'prodncts.  £rieL — Common.  Frequently 
schillerised,  the  felspars  of  many  gabbros  showing  this  character 
excellently,  ^on. — Zones  common,  frequently  giving  different 
colours  and  extinctions  with  crossed  niook,  owing  probably  to 
the  crystal  being  built  up  of  iaomorphous  felspars  successively 
developed  from  the  matrix.  Befr.  Index — Always  near  that  of 
the  boUam.  The  average  indices  are  :^«lbite,  1  -535 ;  ollgOClaBe, 
1-638;  aodeBine,  l'dd3;  labradorite,  1-658;  anorthlte,  1-966.  AU 
sections  of  microoline  and  anorthoclase,  and  almost  all  sections 
of  albite  and  oligoclase  rich  in  soda,  have  a  refractive  index  below 
that  of  ordinary  balsam;  basic  oligoclase  and  all  the  remaining 
plagioolases  have  an  index  above  that  of  the  balsam  in  all  sectiona. 
Coiow — Colourless,  with  dusky  grey  deoomposition-producta. 
The  interior  is  oft^  thus  clouded  while  the  outermost  lonea  are 
clear.  Sometimes  the  whole  crystal  is  reduced  to  calcite  and 
epidote.  D.  Rafr. — Weak,  like  orthoclase,  becoming  somewhat 
stronger  (-013)  in  anorthlte.  The  colours  are  greys  or  slightly 
higher  tints  of  the  first  order.  Sxtinet. — These  may  be  sometimes 
studied  on  cleavage-flakes.  The  extinctions  have  thus  been 
worked  out  for  sections  parallel  to  the  base  and  to  the  bracby- 
pinaooid.  Hap-hazard  sections  in  ordinary  slides,  particularly 
when  repeatedly  twinned,  present  many  difficulties  of  deter- 
mination. In  reading  basal  cleav^e- plates,  the  trace  of  the 
braohypinacoid,  shown  by  the  other  deavage,  or  by  the  common 
*lbite-type  of  twinning,  is  set  upright  in  the  field,  and  tha 
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«xtiiicticm-an^le  is  measured  from  this  ^uide-Iine.  We  inaj 
note  thftt  wlule  oUgocUse  Iuib  in  such  aections  nearly  atraight 
eztiDCtion,  albite  and  labradorite  give  anglea  of  6*  and  9* 
rMpectiveij,  on  opposite  sides  of  the  guide-line  if  the  plates 
examined  are  kept  each  in  the  same  position  with  regard  to  the 
«rysl&l&  &om  which  they  were  broken.  Anorthite,  on  the  other 
biad,  has  a  high  angle,  as  much  as  37*,  which  is  very  distinctive, 
its  allj  BTTOWNiTK  giving  only  174°. 

If  a  brachypinacoidal  cleavage-flake  is  so  placed  that  the  trace 
of  the  basal  cleavage  is  -upright  in  the  field,  while  the  obtuse 
anglea  formed  by  ztaa  and  the  direction  of  the  vertical  axis  lie 
below  on  the  left  and  above  on  the  right,  then  the  extinction 
will  oocor  after  the  following  amounts  of  rotation  of  the 
crystal : — 

Albite. S0°  to  the  left. 

OUeoclasfl, 5°     „       „ 

LaoradorltA, 24°     „     right 

Anorthite, 37*     „       „ 

On  comparing  these  figures  with  those  for  the  basal  flakes,  we 
■ee  that  if  we  break  a  cleavage-flake  hap-hazard  from  a  felspar, 
not  knowing  what  species  or  which  cleavage  we  are  dealing  with, 
&nd  set  the  trace  of  the  other  cleavage  upright  in  the  field,  we 
have  the  last  given  series  of  figures  as  maximum  angles  of  extinc- 
tion for  the  principal  species.  As  before,  the  angle  referred  to 
is  that  between  the  trace  of  the  cleavage  and  the  direction  of 
extinction  that  lies  nesj-est  to  it;  but  the  rotation  may  be  to  one 
hand  or  the  other.  We  may,  however,  on  determining  the  angle 
in  the  nnknown  cleavage-plate  first  obtained,  then  seek  to  procure 
s  plate  &om  the  second  cleavage-surfaces  of  the  specimen.  A 
oomparison  of  the  results  obtained  with  both  plates  will  be  of 
aervice.  Thus,  while  the  distinction  between  labradorite  and 
albite  will  still  be  difficult,  oligoclase  will  give  a  low  (1°  to  6*) 
and  anorthite  a  high  angle  (37°)  in  both  flakes. 

MM.  L^vy  and  Lacroix  show  now  the  extinctions  of  the  triclinio 
felspars  may  be  utilisedia  the  case  of  microscopic  leotiona.  Thus, 
in  particniar,  a  section  is  sought  for  in  which  lamellar  twinning 
of  the  albite  type  ia  distinct,  and  in  which  extinction  of  the 
alternate  sets  of  lamelln  takes  place  at  the  same  angle  on  opposite 
udes  of  the  trace  of  the  plane  of  composition,  which  is  used  as  a 
gnide-line.  The  two  sets  of  lamella  will  thus  show  equal  degrees 
of  illumination  in  the  upright  position  in  the  field,  a  iact  that  ia 
of  great  assistance  in  the  selection  of  sections  for  measurements 
8d^  a  section,  which  is  not  always  easily  found  in  a  single  slide, 
has  been  cut  parallel  to  the  axis  of  rotation  of  the  twin-lamelln 

Coogk 
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of  the  ftlbite  type — Le,,  to  a  line  perpendicular  to  the  bracliy- 
pinoooid.  The  lamelln  of  the  pericline  type  will  aIbo  be  extin- 
guished B^mmetrioallj'  in  sections  from  this  zone.  Sections 
showing  this  B^mmetrioal  extinction  and  yielding  low  oogles  are 
approximately  parallel  to  the  baaal  plane;  those  giving  high 
angles  should  be  selected.  The  maximum  extinction -angles 
of  the  albite  type  of  lamelln  ia  faces  from  this  zone  are  as 
foUowB : — • 

iiblte.      . 

OUgoelase, 

Andeslne. . 

LabnidoFlte, 

Bytownlte, 

AnortUte. 

Were  it  possible  to  determine  how  each  section  has  been  cat, 
even  albite  and  andesine  could  be  distinj^Bhed  &om  a  difference 
in  the  direction  of  rotation;  but  Beeke's  simple  method  for  theob- 
serrationof  relative  refractive  index  effects  this  admirably,  when- 
ever sections  of  the  felspar  con  be  found  abutting  on  the  balsam 
at  the  edge  of  the  slide  (p.  14S).  Twitu — Bepeated  twinning  is  ex- 
tremely common,  the  lamelln  being  often  very  nnmerons.  Both 
the  albite  type,  with  the  brachypinacoid  as  the  twin-plane  and  com- 
position-plane, and  the  pericline  type,  with  the  "rhombic  section* 
as  the  composition-plane  and  practically  the  same  axis  of  rotation 
as  the  former  type,  may  occur  in  the  same  crystal,  giving  ctom- 
twinning  akin  to  the  characteristic  microdine-atructure.  In 
aeotions  from  the  zone  of  the  base  and  macropinoooid  the  traces 
of  the  lamelln  of  the  two  systems  are  almost  at  right  angles. 
Other  types  of  twinning  occasionally  occur;  the  Carlsbad  type  is- 
iudeed  common,  one  half  showing,  in  addition,  nnmerons  lamellu 
of  the  albite  type,  while  the  other  shows  few  or  no  lamelle. 
See  Uiorocline, 

Note.  —  Distinffuiahed  in  general  from  oTthodsBe  in  ordiniuy  seotioui  by 
thi*  clunict«r  ofrepektfld  twiBDinc.  The  diKrimination  of  one  plagioclaM- 
from  another  la  a  matMr  reqainng  ooniidenble  cwre,  and  the  methodi 
■honld  be  farther  itodied  in  the  larger  leit-books.  A  series  of  trials  with 
Szabfi's  lystem  of  flame-Tcactioni  (p.  84]  will  often  help  when  Uie  mineral 
ha*  been  proTed  to  be  a  plagioelaae,  and  speoifio  gravity  testa  wiUl  dense- 
liquida  ate  of  great  service. 

The  dull  white  altered  felspars,  full  of  recrystallised  decom- 
position-products {mainly  zoisite  or  garnet),  that  are  comuon  in 
many   older  diorites  and    gsbbroa,   were    formerly  known  as- 
■  Uvy,  IMtmamaftM  dt*  feidtpatht,  18S4,  p.  SI. 

Google 
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BAuaacKiTK    Bach  forma  may  be  tenaed  "sanaauiitic  felspara." 

^rite  (see  Iron  Pyritei). 

Ptbrhotiiii.  Comp. — Fe^S,,  or  FeSt  S^L — HexagooaL 
Rather  redder  than  iron  pyrites.  Hardness  —  abont  4,  tbe 
particles  cat  out  being  easily  attracted  by  the  magnet.  Opaque 
granular  in  sections. 

^rroxenes  (see  Augile,  Diopside,  fihombic  Pyroxenes,  and 
Soda-pyroxenes.     Also  Btwtite). 

QoArtz.     Gamp. — SiO^     i)'y<t — Hexagonal  (Trigoual). 

L  Oommonly  clear  and  oolourless,  Trith  vitreous  lustre.  No 
cleavage ;  ooncboidal  fracture^  thus  resembling  glass.  TJq- 
Boratched  by  knife.  Grains  (which  should  be  looked  for  with 
the  lens) ;  short  prism  and  double-pyramids  (in  some  enrites) ; 
or  longer  prisms  terminated  by  pyramids  (when  formed  in 
oavities  or  in  sedimentary  rocks).  Occurs  also  filling  veins,  and 
is  otten  in  such  ombb  almost  opaque  white. 

n.  ^orm— In  igneous  rocks  seldom  shows  crystal-outline. 
Commonly  allotriomorphio  or  in  corroded  grains  (fig.  32),  but 
well  bounded  in  some  eurites.  Micrcmegmatitic  intergrowthi 
with  duller  felspar  may  be  expected.  In  metamorphic  and  Id 
many  plutonic  rooks  quarts  forms  aggregates  of  little  granules, 
whidi  are  well  revealed  by  the  polarisoope.  Oommonly  cracked 
irrwularly.  In  veins,  and  in  residues  <^  limestones,  dro.,  shows 
good  crystallMraphio  outlines.  CUom. — None,  ifnci.— Liquid- 
enclosures  wiui  moving  bubbles  commonly  very  abundant  in 
the  quarts  of  deep-seated  or  metamorphosed  rocks,  the  lines 
along  which  they  have  developed  often  passing  coatinuously 
across  several  graioe  (see  fig.  19}.  These  irregular  strings  and 
patches  of  minute  enclosures  may  be  taken  for  dull  decom- 
position-products, such  as  kaolin,  unless  a  high  power  is  used, 
Olass-eucloaures  with  fixed  bubbles,  and  sometimes  with  the 
form  of  negHtive  crystals,  oocur  in  the  quartz  of  many  lavas. 
Zon. — Exceedingly  rare,  except  in  crystals  of  sedimentary  origin. 
R^T.  Index — 1*647,  almost  exactly  that  of  the  balsam.  Gottntr— 
Colourless,  See,  however,  Amethyst.  No  deoompoeition- pro- 
ducts. Pleo. — Observable  in  tbe  exceptional  coloured  varieties, 
which  have  little  claim  to  be  called  rock-forming  minerals. 
P.  Sejr. — About  that  of  the  felspars.     The  absence  of  deoom- 

C'tion,  as  compared  with  other  minerals  in  the  slide,  is  often 
ight  out  by  the  dear  colours  given  by  quarts  between 
crossed  nicols.  Thin  basal  sections  show  in  convergent  light 
the  ordinary  black  oroes,  the  characteristic  coloured  central 
area,  due  to  circalar  polarisation,  being  visible  only  in  npecially 
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cut  thicker  soctions.      OpC.  Sign— PoeitiTo.      Ttoitu — None  in 
rock-sections. 


tttaombio  Pyroxenes.  Comp.~~{l!S.g,  Fe)  Si  O^  The  rock-forming 
examples  of  these  were  long  contiised  with  monoclinic  pvroxenes, 
wUch  they  generally  resemble  to  the  eye.  The  boldly  developed 
Inatroos  types  &iuiliar  to  mineralogists,  such  as  the  bronzite  of 
the  Knpferberg  and  the  hypersthene  of  Panl's  Island,  I«brador, 
may  now  be  regarded  as  altered  forms  of  minerals  possessing 
no  snob  Instre.  Henoe  Tschermak  proposes  for  the  rhombic 
pyroxenes  a  purely  obemioal  grouping : — 


P*  0  =  leu  thui  6'/^ 
BFonzlts ;      .       .       .       .        „    =  5  to  is'/ 
Hypersthene; s  167,  ^na  upwuda. 

To  these  Pro£  Judd,  *  reviving  an  older  name  of  vom  Bath, 
adds  AHBLTSTBOiTE ;  Fe  O  =  25  to  36%. 

I.  Oommonly  closely  resembling  angite;  sometimes  as  pale  as 
diopside.  The  schillerised  forms,  bronzite  and  hyperathene  of 
older  antbors,  occur  in  some  holocrystalline  rooks.  Monoclinic 
pyroxenes  with  similar  Inetres  were  also  formerly  classed  under 

these  riMnaa 

II.  Form — Nearly  isomorphona  with  monoclinic  pyroxenes; 
henoe  the  firequent  confusion  with  them.  Friam-angle  88°.  Habit 
and  sections  similar  to  augite  (fig.  36).  Clem>. — Prismatic,  thus 
atao  intersecting  nearly  at  right  angles.  .Kie'. — Schillerised 
forms  fairly  common,  but  not  to  be  ex[]ected  in  more  modem 
lavas.  Sejr.  Index — 1  '66-1 '70.  Coiovr — like  monoclinic  pyrox- 
enes; colourless,  yellowiBh-brown,  at  times  greenish.  Hypersthene 
and  AHBLYHTXOiTZ,  Owing  to  the  striking  pleoohroism,  often 
appear  greenish  or  pink-red  in  the  same  slide.  Decompose 
to  green  products.  See  Bastite.  Pleo. — EnBtSitlts  is  too  pale 
to  exhibit  pleoohroism ;  brotudte  and  the  more  ferriferous 
members  of  the  series  show  bluish-green  when  the  shorter 
diagonal  of  the  nicol  is  parallel  to  the  vertical  axis,  brown 
when  it  is  parallel  to  the  macrodii^onal,  and  a  flue  red-brown, 
when  it  is  parallel  to  the  braohydiagonaL  This  effect  is  naturslly 
very  striking  in  akbltbtioite.  D.  Hefr. — Somewhat  weaker 
than  in  the  monoclinic  pyroxenes,  and  even  approaching  quarts 
in  the  case  of  enstaMtfl.    Optic  axial  plane  in  the  bracbypinaooid. 
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Exlinot. — Bhombio ;  thus  markedly  distinct  from  tlie  monocliaio 
bjrozenes,  vith  the  exceptdon  of  those  extremely  rich  in  soda. 
The  direction  of  the  principal  axis  ia  that  of  vibration  for  the 
slowest  ray. 

.VoM.— lutargrowtlii  with  dislUga  have  b«en  obMrred,  tiu  tmohy- 
piiiaaoid  of  the  ibombio  form  beiof;  applied  to  the  olinopliuooid  of  the 
monooliiuo.  Distingqiah  the  rbombic  pTroxeoge  by  the  stnight  artlnotion 
uid,  if  possible,  by  the  pleoobroiim.  la  some  remarkftble  snutnlw  rosks 
.tfae  pink  roiuded  eeetioiK  of  hTDersthene  reaembla  io  ocd&utry  light  the 
Kuiiete  occarring  in  the  tsme  slide-  The  nioolA  at  once  prove  the  Uttei  to 
be  iutropio. 

In  the  absanoe  of  mioroscaple  sections,  rocks  must  often  be  oalled 
"  pyroicme-andesile,"  "pyrozeiie-diorite,"  &a,  nntU 


BiBBsoKiTB  (see  Soda^Amphibolea). 

BuTiLB.     Comp. — Ti  Oy     Syet. — Tetragonal. 

L  As  a  rook-forming  constituent  rutile  ia  generally  invisible 
ontil  the  microscope  ia  applied.  May  appear  as  hard  rich  brown 
or  black  specks.  Ita  high  specific  gravity  (4-3)  makes  it  separ- 
able by  dense  liquids. 

n.  Form- — 'Oranules  and  aggregates,  with  here  and  there 
recognisable  prismatic  forms.  Minutely  distributed  in  the 
altered  minerals  of  some  gabbrOB ;  also  in  practically  all  argil- 
lacecns  and  ohloritic  metsmorjihic  rocks,  and  also  Id  clays. 
Shows  typically  minute  geniculated  twins,  sometimes  heart- 
shaped.  RbJt.  /tu^— Extremely  high  (=2-713).  The  tiny 
crystals  and  grains  thus  stand  out  with  strongly  marked  margins. 
Colour — ^Yellow-brown  to  red-brown ;  sometimes  almost  black. 
Twins — As  above  stated  ;  highly  characteristic. 

Sanidihk  (see  Orthoolase). 

Saussukitb  (see  paragraph  at  end  of  Flogioclases). 

SOAPOUTES.  Comp. — A  series  of  minerals  with  meionite  at 
one  end  and  marialite  at  the  other,  being  silicates  of  alumina, 
lime,  and  aoda,  with  some  chlorine,  the  lime  preponderating 
lareely  over  soda  in  the  meionite  molecule.     Sytf. — Tetragonal. 

L  Crystallised  in  cavities  of  some  lavas ;  also  often  occur 
associated  with  altered  felspars,  the  products  of  which  are 
recryatallising.  Oolourless  to  white  or  grey.  Soluble  in  hydro- 
chloric acid,  leaving  a  residue  of  non-gelatinooa  silica. 

IL  In  sections  a  number  of  clear  colourless  granules  some- 
times i^peara  in  the  place  of  felspathio  oonstituent*.  They  are 
liable  to  be  mistaken  for  secondary  felspars  or  even  quartz, 
Ji'orm — Commonly  granular.     Cleav. — Often  not  distinct,     Ji^r, 


180  HOCK-FOKHIHa  MINERALS. 

Index — About  1-67.  Cofowf"— Oolonrlew.  D.  R^. — Conwder- 
ablj  stronger  than  felspars  id  the  highly  caloiferons  varietief, 
being  near  olivine  in  the  case  of  meionite.  In  diptbk,  however 
(the  common  gra'  ular  type  in  holociystalline  rocks),  the  double- 
refraction  ia  fairly  weak  (-■  about  -014).  Uniaxial  figure  in 
convergent  light.     Opt.  sign — Negative. 

Nate. — Pot  on  account  of  the  relKtions  of  the  BoapoUtM  and  pUgiocIucB, 
and  referenoM  to  the  literature  of  the  subject,  see  Prof.  Judd,  "On  the 
prooemea  hj  which  a  plagiocUae  felipar  i«  convarted  into  a  scapolito," 
Min.  Mag.,  vol.  viii.  (ISSSJ,  p.  1B6. 

Srbioitk  (see  Muscovite). 

SeTpeatine.    Comp. — H^  (Mg,  Fe)^  Si,  Og.    SytL — Rhombic. 

I.  Boft  grey-green,  greea,  black,  or  red  areas  among  decom- 
posing ferro-magnesian  minerals,  or  even  building  up  the  masa 
of  a  rook.  Hfi^aess  abont  3.  Sometimes  crystalliBed  in  pale  or 
golden-yellow  fibres  in  veins  running  across  the  rock  (chtysotile). 

IL  Form — Pseudomorphous,  in  patches,  or  in  veins  and  cracks. 
Minute  tufte  and  fibres  often  developed.  Does  not  look  so- 
uniform  as  cbloritio  areas.  The  Berpentine  has  often  the  ovoid 
form  of  olivine  granules,  the  oracka  of  the  lattir  being  at  timea 
marked  by  bands  of  magnetite.  Refr.  Index — Low ;  close  to  that 
of  the  balsam.  Colour — Yellow,  yellow-green,  or  blue-green. 
Most  commonly  a  yellowish-green.  Colourless  highly  retracting' 
areas  of  olivine  are  often  left  surrounded  by  the  serpentine. 
Pleo. — Distinct,  in  shades  of  green.  D.  IiejT.-~Clixo  to  that  of 
ordinary  plagioclases.  Shows  tufts  and  fibres  in  polarised  ligbt, 
the  serpentioouB  areas  being  made  up  of  a  number  of  needles. 
These  needles,  picked  out  by  the  use  of  the  polariscope,  fre- 
quently seem  at  or  nearly  at  right  angles  to  one  another,  and  it 
ia  often  stated  that  the  serpentine  in  such  cases  has  been  derived 
from  pyroxene ;  but  the  structure  is  extremely  oommon  in 
company  with  others  referred  as  certainly  to  olivine.  It  ift 
pos^ble  that  in  some  cases  described  the  rectangular  effect  is 
due  to  the  illusion  referred  to  on  p.  149.     (Figs.  31  and  38.) 

SlLLiHANiTK.  Comp. — AljSiOg.  Syet. — Rhombic.  Common 
in  bunches  of  minute  colourless  priuns  in  schists  altered  by 
contact  with  granite.     D.  Refr. — 02. 

JTofe. — Infusible,  and  gives  good  Klnmina  reaction  with  cobalt  nitrate. 
Minute  fragmenta  of  rock  may  be  thna  treated  and  exammed  later  undsr 


Smabagditk  (see  Hornblende). 

SoDA-AuFRiBoLKS.  Comp. — All  may  be  represented  as  No, 
(Fe^  Al,)  Si^Oij,  with  some  (Fe,  Mg)  Si  O,.  Like  oommon 
hornblende  in  most  rpspects.      Arfvedsokitb,  with  little  Al. 
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microacopic  tests.  The  colour  is  brown  or  dark  greea.*  Where 
the  other  mineraU  in  the  slide,  such  as  nepheline,  are  rich  in 
eoda,  the  amphibote  is  likely  to  be  arfvedsonite.  Glaugophak^ 
with  little  Fcj,  ie  a  beautifiil  bine  rariety,  apporiring  a  character- 
istic silk;  blue-black,  iacliniag  to  state-blue,  ou  the  rock-Bur&c& 
It  forms,  with  epidote  and  garnet,  great  rook  masses  in  the 
southern  Alpine  vallef  s.  Under  the  microscope  it  shows  as  faoe- 
-colonrs  pale  violet-blue  to  greenish-blue  or  even  yellowish  tints, 
the  axis  colours  being  also  striking.  The  darkest  tints  occur 
when  the  longer  axis  of  a  prismatic  section  lies  nearly  parallel  to 
the  shorter  diagonal  of  the  nicoi.  The  extinction-angle  is  only 
-about  5*  in  olinopinacoidal  sections ;  hence  very  small  in  most 
hap-hazard  prismatic  sections.  The  longer  axis  of  the  prisms 
nearly  coincides  with  the  direction  of  vibration  for  the  slowest 
ray.  [n  tiiXBEOEiTK,t  however,  a  ferriferous  form,  this  direction 
is  that  of  vibration  for  the  fastest  ray.  Riebeckite  is  also  blue 
ill  seotioQs,  with  blue  and  green,  or  blue  and  dull  straw-brown, 
axis-colours.  Some  ampbiboles  ihow  secondary  outgrowths  of 
soda-amphibole. 

XoU.—la  natU  priiina  it  is  potsibU  ta  mistike  m  blue  loda-amphibola  for 
a  blue  T»iie^  of  tournutllne.  But  in  tba  latter  minaral  the  graatMt 
absorption — (.«.,  the  darkest  tint  of  the  pleochroiBm,  oocnn  when  Uie 
shorter  diagoaal  of  the  nicol  ■■  perpendiouUr  to  ths  loi>g«i  aiu  of  priimatia 

SoDALiTK.     Gomp. — Na,  AlgSigOj^Clj.     SyH. — Cubic 

I.  Can  be  seen  as  small  colourless  cubes  in  the  hollows  of  some 
trachytic  lavas.     Sometimes  bluish 

IL  Form — Seotions  of  cube,  suggesting  at  first  vertical  sections 
of  nepheline.  Sometimes  in  larger  irregular  grains,  Befr.  Index 
— Lower  than  that  of  the  balsam  (1'486).  Colour — Colourless  to 
feint  blue.     1).  Ae/r.^None,     Isotropic. 

Soda-Orthoclase  (see  Orthcdase). 

Soda-FyroxeneB.  Comp. — Approaching  Na,(Fa2,  Alj)Si4  0jt. 
jEoirinb  and  acuite  are  non-aluminous.  The  common  green 
mODOclinio  pyroxenes  of  trachytic  and  andesitic  rocks,  as  well  as 
of  some  syenites  and  dioritee,  must  be  referred  to  merely  as 
soda-pyroxene.  They  resemble  augite,  except  in  colour  and  their 
marked  pleochroism ;  oross-seotions  are  lighter  in  tint  than 
vertical  ones,  the  former  being  yellow-green  and  the  latter  darker 
jTeen.  The  axis-colours  are  various  tints  of  green.  AouiTi 
*  Boaanboeoh  dutingaiibae  arfvedaonite,  green  and  optically  poiitive, 
from  barkerflEUe,  which  ie  blown  and  negative. 

tSaaer;  ZtiUAr.  OtrdaiUcX.  gtoL  OueU.,  vol  xL  (18S8),  p.  ISS.  AIm 
fiacketi  G»oL  Mag.,  18SS,  p.  4fiS. 
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gives  brown  colours,  ^aiBiSE  green,  and  both  twre  a  emaller 
extinct! on- angle  on  the  c1inopiii»coid  (about  5°)  than  the  common 
green  rook-forming  pyroxenes.  The  latter,  being  aluminous 
and  monoclinic,  may  be  accurately  styled  soda-augit«. 


Nott.  — Green  pleocfarolo  consi  K>metiiDes  mrronnd  or  occur  within  normal 
pnrpls-broini  angitea.  The  longer  axis  cd  the  prinni  i*  near  the  vibisti"!!' 
oireation  for  the  ^ttfut  raj  in  wda-pjroxene,  and  near  tliat  for  the  (Lowmt 
ray  in  amphibote. 

Sfhenx.     Gomp. — CaSiTiOj.     Syst. — Monoclinic, 
L  Sometimes,  aa  in  syenites,  visible  on  sutfiice  as  yellow  or 
brown-red  pyramidal-looking  crystals,  small  in  comparison  with 
the  other  constituents  (see  p.  76). 

IL  Forok — Oommon  section  lozenge-shaped  (a  somewhat  aonte- 
rhombus),  the  bonndaries  being  traces  of  the  hemipyramid.  At 
times  imperfect  or  partly  rounded.  Cleav. — Prismatic,  and  thus 
not  parallel  to  the  common  outlines  of  the  section;  often  seen  in 
the  larger  examples.  Ii«Jr.  /nif&r— Olose  to  ziroou  (1*93);  thus 
even  higher  tham  garnet.  Colour — Fale-pinkish  or  yellowish- 
brown,  to  darker  yellow-brown.  PUo. — Slight.  D.  Refr. — 
Exceptionally  strong,  thoogh  not  so  strong  as  caloite.  Pale 
colours  of  fourth  or  higher  orders.  Tmni — Fairly  oommon^ 
composition-plane  parallel  to  orthopinacoid.     (Fig.  26.) 

NoU. — Ha  1ozeDge.*lu>pa  asd  hidi  refraotive  index  oall  attantion  to  even 
small  tpbenes  in  raok-teotiani.  For  lkuooxkni,  wfaioh  is  referred  lO' 
■pheae,  eee  ^tanio  Iron  Ore. 

Spinilloidb.—A  name  adopted  for  the  isomorphous  series  of 
cnbio  minerals  oommnncing  with  spinel  (Mg  Al,  0.),  including 
ohrorae-spinels  and  chromite,  and  terminating  with  magnetite 
(Fe  Fe,  O^  =  Fe,  OJ.  Their  oommon  characters  are  those  of 
magnetite ;  but  there  is  a  greater  degree  of  tranelucency  as  we 
pass  through  chromite  to  true  spine),  the  refractive  index  being 
always  high.  Thus  some  chrome-spinels  are  a  brown-green  in 
section,  resembling  serpentine.  All  are  distinguished  from 
oommon  similarly  coloured  minerals  by  their  isotropism 

Stilbitb  (Dbsiukb).  Comp.— Oa  ALSigOig -h  6HgO,  with 
tome  Na,  and  K,  replacing  Oa.     Sy^.  — MonocUnia 

I.  A  tairly  common  zeolite,  occurring  in  groups  of  platj 
crystals  in  oavities  of  oalciferous  lavas.  Oooasiohally  in  radial 
groups.     Pearly  lustre  oharaoteriBtic. 

n.  Fonn — Long  prismatic  sections.  R»fr.  IniUx — Below  that 
of  felspars  (1-497).  Colour— Colourless.  J).  £^.  —Weaker  than 
natroUte;  pale  first  order  colours.    Extinct. — In  clinopinacoid  only 
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kbont  7*  away  from  principal  axis.  Yibratioa-direotioti  for 
festest  nj  praotically  oorresponda  with  longer  direction  of  the 
prismatic  seotiom. 
Talc.  Comp.— H,  Mgg  8i^  0^^  Sy»fc— Rhombic 
L  Difficalt  to  diatingniah  from  white  mioaa  in.  small  flakes, 
bnt  leas  brilliant,  and  hardaesB  — 1.  Easily  recognised  in  well- 
developed  talo-Bohists. 

H.  Appears  as  greyish  or  ooloarlesa  atreaky  areas  formed  of 
crystals  with  a  baml  cleavage.     Strong  double  refiraotion. 

TltanlB  Iron  Ore.  Cofnp— IlmenM  -  tnTiFeO,  +  nFejO^ 
uid  is  hexagonal. 

L  The  rock-forming  granules  resemble  magnetite 
n.  Form — Hexagons  and  grannies.  Colour — Opaque;  decom- 
poaition-producta  in  part  doaky-brown  ^nd  translucent,  and 
referred  to  sphene.  Black  by  reflected  light,  with  a  white  meah- 
work,  or  irregolar  patches,  of  deoomposition-prodoota.  These, 
whether  tranalnoent  or  opaque,  may  be  atyled  lbdcozxhi  when 
they  cannot  with  oertainty  be  deacribed  as  sphene. 

Ifolt, — Claa«  auoinatioQi  of  titanio  iron  ors  ud  mignatite  probablj 
ooonr,  uid  lome  inagDetite  mftf  be  titaniferoni  without  oontkiung  intar- 
growD  with  it  any  true  heiagMial  ilmeoite.  Hcmee  the  term  tiUmio  iron 
ore  li  mod  faore  to  d*t«  ail  ouee,  iuvaatigiitad  or  doabtfiil.     (Fig.  29.) 

Topas.     Comp.— (F,  H  0),  Al,  Si  0.  (ffroiA).    .Syat— Bhombio. 

L  Barely  seen  in  the  rock-mass,  out  occasionally  prismatic 
and  recognisable.  The  perfect  baaal  cleavage  may  diatingniah 
it  from  quartz. 

IL  Form — Friams  or  granulea.  CUav. — Not  always  seen,  but 
good  baaaL  Befr.  Ind^x — Higher  than  quarts  (1-61R)  and  easily 
diatingoidied  thus  from  it  with  a  apot-lena  or  oblique  illumina- 
tion. Colour — Colourless.  If.  R^. — Colours  much  like  those 
of  quarts.  Biaxial  figure.  Longer  axis  of  prism  is  vibration- 
direction  for  slowest  ray. 

Jt^ote.— Oooun  in  numy  qoartioae  rocks,  enoh  a«  granites,  sieiseD,  fto., 
being  probablj  developed  from  the  alteration  ol  lelipara  and  other  ailiaates 
eontuning  ^aminA. 

ToarmaSiu.  G<mvp. — A  boroailioate  of  variouB  protoxide  bases 
with  alumina.    SyA, — Hexa^fonal  (Trigonal). 

L  Black  patches  and  ainated  prisms,  eometimea  in  radial 
groups;  in  granitea  and  allied  rocks.  Sometimes  green  of 
inuious  shades.  Occurs  often  on  the  edges  ot  igneous  veins,  and 
is  doubtleaa  a  prodact  of  the  alteration  of  micas,  felspars,  and 
other  minerals.  The  oommon  black  "schorl "  replaces  at  times  all 
the  minerals  of  a  granite  except  the  quarts,  additional  aecondary 


184  BOCK-rOBHIXO   HIMBRALB. 

qn&rtE  being  at  the  s&ma  time  dereloped.      Not  Kratched  by 

II.  Fona — Characteriatio  crosB-sections  of  trigonal  prisma 
with  onrred  facee ;  or  delicate  needles  (as  in  "  luzulUanite  ")  j 
or  commonly  in  irregular  masses  apraoaing  among  the  other 
minerals,  and  sometimes  optically  oontinnons  around  seTeral 
grannleB  of  residual  quartz.  Cleao. — Irregular  cracks  alone 
visible.  A  fibrous  stniotnre,  doe  to  rod-like  indnsions,  some- 
times seen.  Zon. — Sometimes  in  colour.  S^.  Index — Some- 
what above  that  of  topaz  (1-636).  Colour — Commonly  a  warm 
jellow-brown,  inclining  to  bluish  tints  in  places.  Sometimes 
dull  blue  or  green.  ^2«o.— Strong ;  irom  dark  grey-brown  to 
pale  yellow-brown  in  common  varietiBs.  The  darkest  tint  occurs 
when  the  shorter  diagonal  of  the  nicol  is  perpendicular  to  the 
longer  axis  of  the  prism.  i>.  Se/r. — Much  like  augite,  but  the 
colours  are  masked  somewhat  by  the  strong  natural  (xjlouring  of 
the  common  varieties  of  the  mineraL  Basal  sections  isotropic, 
and  giving  black  cross  with  convergent  light.  Opt.  Sign — 
Negative;  the  long  axis  of  the  prism  is  direction  of  vibration 
for  fastest  ray.     Hence  difFers  from  prisms  of  hornblende. 


Tbkmolits.  a  non-aluminous  amphibole  almost  &ee  from 
iron.     Special  points  : — 

I.  Colourless,  or  &intly  yellow  or  green.  Oooors  commonly 
in  veins  and  in  metamorphic  rocks,  often  in  crystalline  lime- 
stones. 

II.  Like  hornblende,  but  colourless. 

Nott. — Msrked  ont  oommonly  unoDs  other  ooloarless  minmU  bj  the 
lozenge-ahapad  form  of  its  ctou-moUoiu  and  by  the  oleaviigeB.  8m 
ActinoUte  Mid  HorDblande. 

Teidymite.     Conp.^Si  Oj.     Syst. — Probably  hexagonal. 

L  May  be  seen  as  thin  transparent  hexagonal  plates,  several 
being  grouped  together,  in  the  cavities  of  some  highly  siliceous 
lavaa.    Brittle  and  difficult  to  extract.    Specific  gravity  only  2-3. 

H.  Seen  in  sections  that  traverse  cracks  and  cavities  in  many 
rhyolites  and  trachytes.  Befr.  Index — Lower  than  quarts  (1  -48}. 
Colourlens,  with  anomalous  double  refraction  in  the  basal  plates. 

UsALiTB  (see  Augite). 

Zeolites. — Common  as  white  or  pale-coloured  products  in  the 
joints  and  cavities  of  lavas,  or  among  the  minerals  of  ooaner 
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Tocki.  Terj  oft«n  in  fibrous  aggregates,  givinc  thas  in  sections 
«  bbul  ctom  in  plane  poUrised  ught  (see  p.  149).  For  not«fl  on 
some  species  of  the  group  see  AntJoime,  Natrolite,  txtd  Stilbito. 

Zircon.     Comp. — Zr  Si  O^.     Sj/at. — Tetragonal. 

I.  Common  as  a  minute  constituent  of  granites,  diorites,  tc, 
-and  in  the  sands  derived  from  them.  Ordinarily  inTisible  to  the 
eye;  but  fine  brown  examples  occur  in  rocks  from  Renfrew, 
Canada,  and  red  or  yellow  crystals  are  oommoti  in  soTentl 
«beolite-syeniteB.  Highluatre;  hardnesB'>7'6.  Easily  separable 
by  dense  liquids,  owing  to  its  high  specific  gravity  (4'6). 

n.  Form — When  seen  among  the  particles  separated  from 
sands,  the  tetragonal  prism,  widi  pyramid  of  another  order,  is 
commonly  recognisable,  the  hard  litUe  crystals  being  only  slightly 
abradod.  In  sections,  small  grains  or  sqaares  and  prisms, 
included  in  micas  or  other  minerals,  Fleochroio  areas  very  often 
occur  in  micas  round  about  such  enclosures  of  minute  zircons. 
£tfr.  /tufftc— Extremely  high  (=1-95  or  more),  being  a  little 
above  Bphene.  Hence  the  particles  in  a  mounted  sand  stand  out 
with  very  black  borders;  while  those  in  rock-sections  have  a 
very  distinctly  pitted  sar&oe.  Oolova- — Colourless.  D.  Rtfr. — 
Stronger  than  mioas ;  colours  of  high  orders  alone  seen.  Opt 
Sign  — Fositi  ve. 

ZoiBiTX.  Comp, — H,  Ca^  Alg  Si,  Oj,  (compare  epidote).  SytL 
— Rhombio,  but  the  forms  are  closely  similar  to  those  of  epidote. 

I.  Rarely  seen  in  recognisable  forms  in  rocks,  though  common 
«s  an  alteration-product.     Colourless. 

II.  Form — Prisms,  the  longer  axis  corresponding  to  the  ortho- 
-diagonal  of  epidote.  Basal  sections  lozenge- shaped,  with  prism- 
angle  of  116°  40'  OocOTS  very  often  as  a  decomposition-product 
witiiin  basic  felspars.  Cleav. — Perfect  parallel  to  the  brachy- 
pinaooid.  B^.  Indtx — Near  that  of  augite  (1-698).  Colovr — 
'Colourless.  I).  S^fr. — Much  weaker  than  that  of  epidote  (  =  about 
-OOC^;  weaker  eren  than  many  felspars.  Hence  in  ordinary 
sections  the  (»lou^  between  crossed  nicols  will  appreciably  aid 
in  the  discrimination  of  zoisite  from  oolonrlees  epidote.  Extinct. 
— In  prismatic  sections  not  distinguishable  from  those  of  epidote. 
The  longer  axis  is  sometimes  the  Tibration-direction  for  the 
ray  of  mean  velocity,  and  sometimes  for  the  fastest  ray,  so  that 
the  quartz-wedge  gives  different  results  for  different  crystals, 

JTolc.— Compare  epidote  (ptsUrite),  and  tremolite.  See  also  note  cd 
■sussniiM  at  end  of  the  deMription  of  the  plagioolssaa,  iiDDe  loiiite  is  a 
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CHAPTER     XVIII. 

SEDIKBITTABT   BOCKS. 


To  proceed  to  the  application  of  the  methods  of  observation  that 
have  been  aow  described,  we  may  begin  with  fragmental  or  cl&Btie 
rooks,  as  being  on  the  whole  the  most  freqnentij  met  with  and 
being  in  many  cases  capable  of  simple  examination  in  the  form 
of  powder  ander  the  microBcope.  Ab  in  the  case  of  rock-forming 
minerals,  under  the  heading  L,  in  dealing  with  each  type  of  rock, 
we  shall  degcribe  the  characters  that  ordinarily  serve  for  its 
determination  in  the  field  or  in  a  hand-specimen,  while  under  the 
heading  XL  we  shall  point  out  its  most  striking  microscopic 
cbaractera. 

L  Sandb  and  Sandstones. 

Saad.  —  Composed  of  loosely  aggregated  grains  of  quartz, 
variooB  silicates,  or  other  minerals;  in  the  vast  majority  of  cases, 
rocks  described  as  sands  possess  a  large  percentage  of  silica. 

I  Sands  should  be  coUeoted  in  as  dry  a  condition  as  possible, 
but  where  they  are  not  likely  to  have  been  locally  sifted  by  air- 
currenta.  Specimens  can  be  easily  carried  in  strong  pill-lx>xes 
in  a  dry  state,  or,  very  conveniently  in  stout  glass  specimen- 
tubes,  corked,  the  tubes  themselves  being  protected  in  a  little 
flat  box  carried  in  the  field-bog.  Shell-fragments,  spines,  spicules, 
and  so  forth,  can  generally  be  separated  by  sieves,  and  the  char- 
acter of  the  inoi^;anic  mineral  granules  can  then  be  studied 
separately.  The  mud  or  other  obscuring  particles  on  the  snrlace 
of  the  grains  should  be  rubbed  off  as  far  as  possible  with  the 
fingers,  and,  when  thus  loosened,  can  be  blown  off  or  washed 
away  in  water.  Where  the  first  signs  of  cementation  and  of  the 
conversion  of  the  sand  into  a  sandstone  have  made  their  appear- 
ance, the  chemical  or  other  characters  of  the  cementing  material 
must  be  carefully  examined. 

For  many  observations  it  is  necessary  to  clean  the  grains  with 
acid ;  limonite,  oaloite,  Aa.,  are  thus  removed,  and  the  residue 
commonly  emerges  &om  the  test-tube  in  an  almost  colourless 
condition. 

While  washing  in  water  will  often  separate  the  particles  into- 
matorials  of  different  kinds,  as  when  we  wash  off  in  a  flat  dish 
the  plates  of  mica  or  the  minute  clayey  mud-flakes,  yet  the  use- 
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of  lieavj  liquids  will  be  iuTnluable  in  all  cases  of  reseandL  Th» 
extraction  of  heavy  mineralB,  each  as  lircon,  ratile,  to.,  from 
common  sands  may  also  be  effected  very  &irly  by  the  following 
method  described  by  Mr.  Cams- Wilson.*  A  piece  of  cardboard 
about  2  feet  long  is  bent  in  the  form  of  a  trough  and  held  in  thi» 
curved  form  by  elastic  bands  at  either  end ;  this  is  held  at  an 
angle  sufficiently  steep  to  allow  the  sand  to  travel  slowly  down 
when  the  cardboard  is  tapped  with  the  finger.  The  heavy 
minerals,  commonly  appearing  as  very  small  dark  grains,  lag 
behind,  forming  a  continually  increasing  crescent- shaped  grcu|^ 
at  the  upper  end  of  the  descending  material  When  the  last 
common  sand-grainB  have  fallen  ofi*,  this  heavier  portion  may  be 
collected  in  another  vessel.  There  will  be  a  number  of  minute- 
quartz  grains,  &c.,  atill  associated  with  the  ratile  or  zircon ;  but 
uiese  can  be  largely  removed  by  blowing  lightly ;  even  if  a. 
separation  in  dense  liquids  becomes  finally  necessary,  the  work 
vill  have  been  very  greatly  fiacilitated  by  this  simple  and  efiec- 
tive  preliminary  method. 

Sands  derived  &om  volcanic'  rocks  and  &om  other  igneoua 
masses  frequently  contain  magnetite,  which  can  be  easily  picked 
out  by  the  magnet.  Even  olivine  has  been  recorded  as  forming 
-whole  beds  of  sand,  which  in  the  future  may  produce  an  anomal- 
ous and  stratified  deposit  of  serpentine.  It  must  be  rememberedr 
however,  that  even  in  common  sands  the  particles  are  not 
necessarily  hom<^neonii,  many  of  tbem  being  the  relics  of  rock- 
fragments  rather  than  simple  minerals.  Tiny  pebbles  of  iron- 
bonnd  sandstone,  of  qnartzite,  of  chert,  or  of  the  matrix  of  old 
highly  silicated  lavas,  are  common  among  the  constituents  of 
lands. 

In  the  field,  the  stratification  of  fine  sands  is  often  worthy  of 
study,  and  current-bedding  is  a  very  common  featura  O-wing 
to  the  yielding  nature  of  the  deposit,  local  contortions  sometimes 
occur  through  the  pressure  or  slip  of  beds  above.  The  bleaching 
of  ferruginous  sands  by  vegetation  can  be  characteristically 
observed  upon  any  sandy  heath. 

IL  The  outlines  of  sand-gnuns  can  be  well  studied  micro- 
soc^ically  in  water,  a  cover-glass  being  pressed  down  upon  the 
preparation.  But  the  grains  should  always  be  examined  as  a 
preliminary  by  reflected  light,  being  simply  scattered  on  an 
opaque  card  and  brought  under  the  microaoope.  If  much 
sur&ce-coating  is  present,  it  may  be  necessary  to  treat  the 
particles  -with  dilute  warm  acid  in  order  to  render  them  clean 
and  transparent  for  subsequent  observations. 

■  Ifalvn,  voL  iizii.  [1BS9),  p.  S91. 
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The  forma  of  the  grains,  qnite  apart  from  tha  qneation  of 
Tonnding,  resolTe  themselTOB  into  some  tbrao  groups: — (a) 
ordinaTy  grannlea,  irregular  or  Bpheroidal;  (b)  rod-like  bodiea, 
sometimes  Been  to  be  well  preserved  and  weJl  terminated  crystal- 
line prisms ;  and  (e)  platy  forms,  commonly  with  very  irrc^riilar 
boundaries. 

Ereiy  worker  should  be  acquainted  with  the  already  classic 
address  by  Mr.  Sorby*  delivered  to  the  Geological  Society  in 
1880,  which  abounds  in  practical  suggestions,  as  well  as  in  results 
■o£  the  widest  interest.  The  present  remarks  relating  to  &ag- 
mentaJ  rocks  are  naturally  based  largely  on  the  observationi 
then  put  forward. 

Thus  Mr.  Sorby  notes  that  the  difference  between  grannies 
and  platey  forms,  not  always  to  be  determined  by  focussing  the 
instrument  on  various  parts  of  the  sur&ce,  may  be  seen  by 
pressing  the  cover-glass  above  the  particles  mounted  in  water. 
The  gisnulea  roll  over  and  thus  show  changes  of  form ;  while 
the  little  plates  glide  along,  rotating  only  parallel  to  the  plane 
ef  the  glass  slip. 

Polarised  light  aids  greatly  in  such  observations  ;  for  a  series 
-of  coloured  rings  or  zones,  which  are  fairly  parallel  to  the  out- 
line, appears  if  a  grain  is  present,  since  It  becomes  thicker  from 
the  margin  inwards.  Platy  forms  commonly  show  similar  rings 
at  their  frayed  edges ;  but  the  central  area  gives  a  uniform 
-colour,  being  bounded  above  and  below  by  parallel  snr&ces. 

The  degree  of  rounding  of  the  grains  must  be  studied  1^ 
transmitted  and  reflected  light.  Mr.  Sorby,  in  comparing  one 
sand  with  another,  uses  sieves  that  separate  grains  for  examina- 
tion having  a  diameter  of  about  y^th  of  an  inch.  The  finer  the 
grains,  the  less  the  degree  of  rounding ;  and  it  is  obvioua  that 
very  oleavable  or  friable  materials  will  be  incapable  of  comparison 
with  such  substoncea  as  quarts.  Thus  some  constituents  become 
quickly  reduced  to  minute  particles,  and  thereafter  suffer  little 
physical  change ;  others  exist  as  minute  orystsls  in  the  rock  from 
which  the  sand  Is  derived,  and  these  may  retain  their  forms 
through  a  very  long  series  of  natural  triturations. 

The  beat  preliminary  method  for  the  examination  of  a  sand  is 
to  sift  it  through  a  set  of  sieves,  as  used  in  chemical  laboratories 
whereby  it  becomes  separated  into  grains  (a)  coarser  than  J^^th 
of  an  inch ;  (b)  between  ^^^th  and  ^th  ;  (e)  between  ^tb  and 
^th  ;  (d)  finer  than  ^th  of  an  inch.  In  most  cases,  stones  uid 
shell-fragments  will  be  found  in  a,  and  an  abundance  of  fine 


qaartz-grains,  with  rutile  and  liroon,  in  d.  Fonminifere  and 
oottner  soad-grains  may  be  in  6  and  c. 

Mr.  Sorby  and  Mr.  J.  A.  Pbillips*  have  pointed  out  that  th* 
moBt  rounded  and  polished  grains  are  found  in  sand  accumulated 
on  land-surfaces,  as  in  deserts.  Thus  some  of  the  Bunter  sands  of 
liancaahire  and  Cheshire  "  flow  between  the  tingers  aa  readily  as 
shot,"  and  were  very  probably  blown  against  one  another  in  some 
Tnaaaio  desert.  The  procesB  even  here  must  continue  for  a  con- 
siderable time,  since  the  ordinary  drifted  sands  of  sea-Bide  dunea 
show  little  rounding  ;  while  it  would  be  difGcult  to  find  a  parallel 
among  the  polished  sands  of  modem  deserts  for  the  remarkably 
amooth  and  globular  constituents  of  the  Triaseic  "  millet-seed 
■ands."  Where,  then,  the  majority  of  medium-sized  grains  in  » 
sand  are  strikingly  rounded,  the  deposit  baa  been  formed  by 
nolian  agency,  or  by  rivers  bringing  down  such  materials  from 
the  land. 

It  must  be  borne  in  mind  that  the  more  heterogeneous  the- 
constituents  of  a  sand,  the  nearer  it  is  likely  to  be  to,  the  place 
of  origin  of  the  materials.  But  any  sand  may  have  been  cemented 
into  a  sandstone,  and  again  broken  down  into  a  sand,  in  several 
geological  periods,  and  denudation  combined  with  earth-move- 
menta  may  have  long  since  removed  the  rocks  of  which  its  grains- 
were  original  constituents.  On  our  own  southern  shores  it  is 
most  interesting  to  reflect  on  the  mingling  together  of  granitic- 
quartz,  and  of  Triassic,  Fortlandian,  Oretaceous,  and  Otigocene 
sands,  to  form  later  sandstones  which  will  be  asagned  to  the 
Opening  of  the  human  period. 

The  grains  of  qiiarix  that  oompose  so  large  a  part  of  ordinary 
sands,  when  cleaned  from  their  superficial  coatings,  show  an  ab- 
sence of  prismatic  forms  and  cleavage-suriacee,  and  are  generally 
pitted  and  oovered  with  small  grooves,  when  seen  by  reflected 
light.  By  trauamitt«d  light  the  strings  of  liquid-en closuresr 
characteristic  of  rocks  that  have  at  one  time  been  deep-seated, 
frequently  become  visible.  At  other  times,  relics  of  glass  that 
has  intruded  into  the  grain  point  to  its  having  existed  in  a 
volcanic  magma.  The  deposition  of  crystals  upon  the  grains' 
will  be  treated  of  under  the  head  of  sandstone  (p.  192). 

The  bright  oolouia  of  the  quartz  in  polarised  light,  running  va, 
cones  that  rise  towards  fourth  order  colours  at  the  centre,  serve 
to  pick  out  the  granules  among  duller  and  heterogeneous  mate riaL 

Particles  oi  JUrU  are  comparatively  rare,  even  in  the  finer 
materials  of  flint  gravels ;  though  in  some  sands  they  contribute 
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hy  their  ab[Ukd«nce  to  the  dark  colour  of  Uie  mass.*'  The  chips 
are  typically  angular  and  Email,  and  show  vith  crossed  nicols 
a  minutely  granular  structure,  the  grey  speckled  effect  being 
constant  during  rotation,  and  the  whole  never  becoming  ex- 
tinguished at  the  same  time.  Particles  of  white  flint  may  be 
seen  in  some  gravels  by  reflected  light,  and  may  be  picked  oat 
and  tested  with  adds.  Some  of  these  show  traces  of  the  structure 
of  Biliceous  sponges  (sand  of  Chipstead,  Ac)  Others  result  merely 
&om  the  alteration  of  fragments  of  originally  black  flint. 

S'eltpart  give  generally  rounded  grains,  which  are  almost 
Oliaque  in  water,  and  are,  if  large,  not  very  translucent  in  bsl- 
ssm.  By  reflected  light  they  appear  milk-white,  or  brownish  or 
pinkish-red.  These  effects  of  earthy  decomposition  are  very  char- 
acteristic, although  clearer  examples,  even  snowing  repeated  twin- 
ning, occur  near  the  place  of  origin  of  many  sands.  It  must 
be  remembered  that  a  prismatic  doubly-refiracting  plate  thinner 
towards  one  edge  than  the  other  will  give  with  crossed  nicols  a 
series  of  colouiisd  bands,  which  may  simulate  twin-lamells ;  but 
tlie  colours  will  not  be  alternately  complementary,  but  will  rise 
in  the  order  of  Newton's  scale  as  they  recede  from  the  thin  edge. 

The  Mica*  show  flat  irregular  plates,  the  edges  descending 
in  minute  steps,  owing  to  the  cleavage.  But  for  this  indication, 
the  cleavage  is  not  noticeable,  since  the  plates  will  not  stand  up 
edgewise  in  the  preparation.  This  foct  is  important  also  in 
observing  pleochroism,  since  the  almost  uniaxial  character  of 
common  dark  mica  prevents  the  change  of  tint  from  appearing 
in  basal  flakes.  The  lustrous  surfaces  of  the  micas  enable  them 
to  be  detected  in  the  dry  sand  by  reflected  light. 

Amphibidee  <md  Pyroteaiet  give  more  or  less  prismatic  frag- 
ments, with  signs  of  cleavage  and  a  ftiirly  robust  appearaooe. 
The  pleochroism  of  the  former  group  aids  in  its  recognition. 

Towrmaiine  occurs  often  in  sands  derived  from  granites, 
yielding  conchoidaUy  fractured  grains  or  prisms,  of  dark  brown 
green  or  other  colours.  Strong  pleochroism,  the  darkest  tint 
occurring  in  the  revene  position  to  that  of  hornblende,  i.«.,  per- 
pendicular to  the  longer  axis  of  prismatic  forms. 

MagTietiU  is  opaque  black,  verging  into  the  brown  of  the 
"ironstone"  grains  that  are  also  frequent  in  sands.  These 
opaque  brown  grains  olten  consist  of  the  material,  sach  as 
limonile,  by  which  the  sand  may  ultimately  be  cemented. 

Kaolin  gives  in  water,  on  pressure  of  the  oover-glass,  tiny  platy 
partioles  and  much  excessively  fine  dost.     In  water  or  bdeam 
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the  doably-refraoting  character  enables  the  (xrsbile  to  be  picked 
oDt  from  uie  mere  aiuorphons  or  minately  divided  mad.  Opaque 
white  by  reflected  light. 

GUmeonite,  a  general  name  for  the  green  silicates  that  form  in 
hollowaofforaminiferai^.iia  granular,  the  grains  being  commonly 
composed  of  amaJler  ones,  and  retaining  in  many  cases  some  trace 
of  the  form  of  the  foraminiferal  chambers  in  which  they  first 
consolidated.  Colour  dork  green  to  green-black  by  reflected 
light ;  by  transmitted  light  earthy  to  clear  green,  yellow-green 
or  brown-green.  A  very  common  soft  constitnent  of  the  greener 
beds  of  sand  in  all  formations. 

The  heavy  minerals  that  appear  on  separation  from  the  bulk 
of  the  constitnents  of  a  sand  are  mostly  iron  ores,  tourmaline, 
zircon,  and  mtile.  Ur.  Allan  Dick  found  in  a  bed  of  the  Lower 
Bagshots  at  Hampstead  about  3  per  cent,  by  weight  of  these 
-constituents.  Zircon  exhibits  colourless  strongly  refracting  ovoid 
or  prismatic  rods,  the  prisms  being  frequently  terminated  by 
only  slightly  abraded  planes  of  the  pyramid.  Enclosures  of  rod- 
like crystals  may  be  seen  within  the  zircons,  liutile  appears  a> 
orange-brown  granules  or  prisms,  the  characteristic  heut^haped 
or  geniculated  twins  being  occasionally  present.  The  outlines 
of  the  forms  are  rery  black,  owing  to  the  exceptionally  high 
refractive  index.* 

Finally,  the  rock-fragments  that  may  occur  in  sand,  even  on 
»  very  minute  scale,  must  be  considered  apart  from  the  pure 
minerals ;  but  thefr  study  is  beset  with  difficulties,  and  specimens 
from  the  coaraest  varieties  of  the  sand-beds  can  alone  give  satii- 
&ctory  indications. 

In  tracing  the  origin  of  a  sand,  great  caution  must  be  employed. 
It  is  difficult  indeed  to  estimate  the  extent  of  the  alteration 
ondergone  by  the  minute  granules  since  they  left  the  parent 
rock  J  and  the  lapse  of  time  between  the  formation  of  the  two 
masses,  the  old  rook  and  the  sand-bed,  is  often  so  vast  that  the 
characters  of  the  parent  itself  may  have  become  considerably 
changed.  Thus  the  occurrence  of  quarts  with  liquid-enclosures 
in  a  loose  sand  or  sandstone  points  to  an  original  granitoid  or 
metamonihosed  rock  ;  but  ihe  quartz  may  be  comparatively  free 
from  such  enclosures  in  a  sand  and  yet  no  longer  resemble  tiiat 
cf  the  original  mass,  in  which  abundant  enclosures  may  have 
been  set  up  by  actions  subsequent  to  the  starting  of  the  sand- 
gtains  on  their  travels.  We  must  remember  also  the  constant 
prooesMa  of  natural  sifting  by  which  the  stratified  materials  are 

*  8«e  TuU,  MiertMCopie  Petrogn^A^,  plate  U. 
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Grits  and  Bandstones. — I.  These  may  be  etndied  bj  rubbing 
up  with  the  fingers  or  a  stiff  brush  (not  by  craahing)  until  the 
individaal  oonstitneuts  are  released.  The  cementing  matter 
most  be  ezamined  chemically ;  in  many  cases  the  cleaTage-sar- 
faoes  of  calcite  can  be  seen  gleaming  between  the  grains,  which 
have  become,  indeed,  set  in  ophitic  crystals  of  the  cement. 
Barytas  occurs  in  some  cases,  and  silica  is  common.  Dark  iron 
oxides  cement  sandstoaes  at  times  in  bands  and  patches,  and 
casts  of  fossils,  though  lost  in  the  rock,  will  be  found  occa- 
sionally preserred  in  these  consolidated  parts  of  it. 

In  the  so-called  "crystalline  sandstones,"  known  io  Britain 
through  their  occurrence  in  the  Permian,  the  grains  show 
crystal-facetB  of  quartz,  easily  seen  in  coarser  cases  with  the 
lens.  Mr.  Sorby  showed  how  these  crystals  resulted  from  the 
deposition  of  silica  upon  original  rounded  grains,  the  interstices 
between  them  becoming  finally  filled  with  this  dear  seoondary 
quartz. 

II.  This  question  receives  even  greater  interest  from  the  appli- 
cation of  the  microscope.  If  the  grains  thus  coated  with  faceted 
quartz  are  treated  with  acid  to  remove  limonite,  tie,  the  original 
internal  grain  becomes  visible  by  transmitted  light,  and  the 
■eoondary  deposit  is  found  to  be  in  optical  continuity  wit^  the 
original  quartz,  being  in  &ct  a  restoration  or  perfecting  of  the 
abraded  granule.  At  times  only  the  first  signs  of  such  crystals 
sppear  on  the  surfaces  of  ordinary  grains,  showing  as  bright  little 
pyramids  when  reflected  light  is  used.  It  has  been  suggested, 
on  the  other  hand,  that  some  gnuns  become  corroded  by  solution 
of  the  surface  after  the  (Mnsolidation  of  the  sandstone. 

ijhould  the  original  grains  be  completely  enveloped  in  new 
quartz  and  their  independent  outlines  lost,  it  is  evident  that  the 
union  of  the  coats  belonging  to  adjacent  grains  will  take  place 
along  irregular  sur&cea,  anda  number  of  interlocking  granulea 
will  appear  in  section,  each  giving  a  uniform  tint  between  crossed 
Diools.  Such  a  structure  is  characteristic  of  the  quartzit«s  about 
to  be  discussed. 

Sections  of  consolidated  grits  and  sandstones  are  partacnlarly 
valuable  for  the  study  of  cementing  materials.  Ohaloedony  is 
of  freqnent  occurrence,  and  in  some  cases  amorphous  and 
chaloedonic  silica  have  resulted  from  the  solution  of  spicules 
of  sponges  scattered  through  the  sand-bed,  the  casts  of  which, 
or  of  their  tubules,  still  remain.  This  matter  will  be  again 
referred  to  under  chert 
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Fro£  Bonaey  *  hu  remarked  on  the  ntrity  of  ohalcedooj  m 
ft  oementiog  material  among  the  older  rocks.  It  is  quite  possible 
th&t  a  alow-  passage  into  the  oonditioa  of  quarts  takes  place, 
and  the  continuonalT^  crystalline  appearance  of  the  graQnlea  of 
ftrdinary  qnartate  becomes  thus  finally  set  ap. 

The  fermginoaa  cement  of  many  dark  rod  sandstones  and 
"carstones,"  like  certain  layers  in  tba  Folkestone  Sands,  is 
almost  opaqne  in  sections. 

In  ffrits  the  constituents  can  be  easily  studied  in  section; 
the  felspars  often  appear  prominently,  as  in  rocks  formed  close 
against  a  granitoid  or  gneisaic  area.  The  Torridon  Sandstone 
ol  N.W.  Scotland  is  a  fine  example.  (Frontispiece,  fig.  2,  and 
p,  ziii.)  The  larger  quarts  fragments  are  freqaently  seen 
between  orossed  nicols  to  be  compound,  being  in  fact  quartzites 
and  deriTed  from  pre-existing  consolidated  sandstones.  The  close 
examination  of  tJie  rook-fragments  in  coarse  grits  gires  one  a 
very  fair  idea  of  the  nature  of  the  land-surface  over  which  the 
denuding  and  transporting  agents  worked.  We  must  remember, 
however,  that  limestones  and  clays  go  to  powder  readily,  and 
are  only  feebly  represented  in  these  final  accumulations. 

In  an  old  volcanio  district,  the  oonsolidated  grits  and  gravels, 
aecn  in  section,  give  one  very  valoable  information  as  to  the 
rocks  that  were  first  attacked  by  denudation.  Thus  the  glassy 
•coriaceous  sur&cee  of  lava-streams  become  early  broken  up  and 
reduced  to  fertile  soils  and  red  bands  of  "  laterite ; "  but  in  the 
gritty  accumulations  of  the  rivers  that  flowed  through  the  vol- 
oanio  area  we  find  rolled  fragments  of  these  surfaces  preserved 
in  considerable  abundance. 

There  is  often  considerable  difficulty  in  deciding  aa  to  whether 
fragments  of  lava,  occurring  in  a  sandstone,  point  to  contem- 
poraneous volcanic  action.  A  rock  may  not  be  an  actual  tufi',  and 
yet  may  derive  much  of  its  materials  from  adjacent  tufi,  which 
were  formed,  perhaps,  only  a  few  days  before  its  own  period  ot  ac- 
cumulation. Hera  the  microscope  aids  us  in  estimating  the  rela- 
tive antiquity  of  the  igneous  fragments.  Their  degree  ot  freshness, 
particularly  when  they  oonsist  of  pumiceons  glass,  oecomes  a  nsefnl 
guide.  Where,  however,  they  are  minute  and  shred-like,  we  musli 
remember  that  the  e:[ploBive  action  which  produced  them,  although 
truly  contemporaneous,  may  have  occurred  a  hundred  miles  or  so 
from  the  site  of  the  sandstone  in  which  they  are  embedded. 

Sandstones  formed  close  against  a  mass  of  granite,  or  similar 

plutonic  rook,  may  sometimes  closely  imitate  the  igneous  mass, 

•specially  when  seen  in  section.     The  fine-grained   "arkose" 

*  "  On  tfao  Ightham  Stone,"  Oeoi.  Mag.,  1888,  p.  209. 
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produced  under  such  conditions  contains  all  the  minerals  of  the 
Igneous  rock,  closely  set,  luid  fitted  into  one  another  by  the  pres- 
sure of  overlying  strata.  But  it  mttat  be  remembered  that  the 
ferro-magneaian  minerals,  the  micaa  and  so  forth,  of  the  original 
igneous  rooks  are  those  that  develops  first,  atid  secure  their 
dharaoteriBtic  outlines.  Here,  however,  in  the  reconstructed 
rock  or  arkose,  they  will  have  no  superiority  of  form,  and  will 
often  be  crushed  against  and  folded  round  the  more  reaisting 
grains  of  quarts  and  felspar. 

Qaartzites.— I.  A  certain  amount  of  difficulty  has  been  mads 
as  to  the  distinction  of  "  quarts-rock "  (massive  quartz)  and 
quartzite ;  but  the  former  rook  typically  occurs  in  veins,  as 
a  product  of  hydrothermal  action,  and  ia  formed  of  coarse 
interlocking  and  irregular  quartz  oiTstals.  The  quartzites, 
on  the  other  hand,  are  divided  by  a  number  of  small  joint- 
planes,  often  show  traces  of  bedding,  and  almost  invariably 
reveal  their  granular  structure  on  close  examination  with 
the  lens.  Aj^y  grit  or  sandstone  with  a  siliceous  cement 
may  be  regarded  as  a  quartzite,  and  the  pocket-knife  readily 
detects  this  essential  character.  The  best  types,  however,  are 
those  in  which  the  individual  granules  have  become  merged,  as 
it  were,  in  the  cement,  which  has  settled  down  in  crystalline 
continuity  with  the  several  grains.  The  sur&ce  of  such  rocks, 
and  of  the  cement  in  other  types,  presents  a  characteristic  almost 
Titreoos  lustre,  and  is  broken  up  into  a  number  of  minute 
glancing  points.  The  colour  of  the  rock  is  commonly  pale  grey 
with  yellower  or  browner  joint-surfaces,  the  iron  having  jnssed 
away  along  these  during  the  slow  alteration  of  tha  mass.  Many 
qnartziteB,  like  those  of  the  Wicklow  Sugarloaf  and  the  oappings 
of  the  Torridon  hills,  are  almost  pure  white,  and  can  be  seen  as 
gleaming  crags  at  a  considerable  distance. 

The  specific  gravity  is  practically  that  of  quartz  or  a  little 
higher  (about  2'67).  Acids  merely  spread  over  the  surface  with- 
out effect,  and  the  hardness  at  once  forbids  any  oonfnsion  with 
grey  dolomite.  Even  the  compact  euritee,  of  igneous  origin,  are 
almost  invariably  softer  than  typical  quartzites. 

The  bedding-planes  of  the  original  sandstone  are  very  often 
obscured,  and  the  fraotore  of  the  rock  is  irregular  to  conchoidal. 
The  foliated  truly  metamorphic  quartzites  will  be  discussed  under 
quarts-schist 

H.  In  section  the  qnartxites  are  clear  and  colourless,  with  occa> 
sional  signs  of  the  original  granules.  With  crossed  nicols  a  brilliant 
interlocking  mosaic  of  quartz-areas  appears,  the  effect  of  which  is 
intensified  in  the  metamorphic  types  by  crashing  (see  fig;  14). 
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II.  Fbaqhental  Yoloanic  Depobitbl 

While  Toloanlc  Bands  »re  mere  waterwom  deposits  that  have 
derived  their  materials  &om  some  neighbouring  volcanic  area, 
there  is  a  great  group  of  rocks,  often  well  stratified,  that  is 
formed  directly  by  volcanio  accnmulation. 

Volcanic  Agglomentes  or  Coarse  Toffs.— The  constitaents  are 
blocks  of  volcanic  or  more  deeply  seated  rooks,  angular  and  often 
'Of  considerable  size.  These  are  frequently  scoriaoeons  and 
unygdaloidal,  and  represent  the  more  vitreous  parts  of  lavas. 
Spheroidal  bomb-like  forms  may  be  looked  for,  as  well  as  twisted 
ropy  types,  coloared  externally  a  rusty  brown.  The  groundmass 
ia  formed  of  similar  smaller  fragments  and  fine  dust,  and  the 
whole  becomes  in  older  examples  as  firmly  cemented  tt^pther  as 
»  conglomerate,  the  joint-planes  traversing  the  included  blocks 
and  the  binding  material  alike.  The  great  weathered  joint- 
auT&oes  of  snob  rocks  are  valuable  for  study  in  the  field,  as 
the  materials  of  difierent  composition  and  hardnesa  stand  out  on 
them  distinctly  &om  one  another,  and  sections  are  in  addition 
provided  of  the  bombs  and  other  ejected  blocks.  Sketches  must 
be  made  on  the  spot,  as  it  is  impossible  to  adequately  represent 
such  mssses  in  hand-specimens. 

The  fragments  torn  from  stratified  deposite  and  thrown  out 
into  the  agglomerates,  particularly  when  the  eruption  was  snb- 
marine,  are  well  contrasted  with  the  igneous  matter.  We  may 
note  as  examples  the  great  flakes  of  shale  to  be  seen  in  the 
blocks  under  Tyrau-mawr  on  Cader  Idris. 

Toffs  and  Ashes. — L  The  tuf&  are  so  often  altered  soon  after 
deposition,  owing  to  the  attacks  of  volcanio  vapours,  that  their 
former  loose  character  is  lost,  and  they  appear  compact  and  even 
uniform  on  newly  fractured  surfaces.  Weathering,  however, 
reveals  the  coarsely  fragmenta!  structure,  and  developes  again  the 
sooriuceons  character  of  many  of  the  included  blocks.  Examples 
of  the  weathered  surface  should  always  be  collected.  The  beds 
will  be  found,  on  tracing  out,  to  vary  considerably  and  rather 
rapidly,  and  to  present,  if  deposited  on  land,  marked  variations 
in  thickness. 

The'  loose  tuffs  of  late  Tertiary  volcanoes  are  readily  reoog- 
nised.  The  embedded  crystals,  such  as  augite  or  felspar,  and 
the  blooks  of  lava,  will  enable  one  to  asoerlun  the  character  of 
the  materials  that  rose  in  the  volaanio  vent.  Earlier  and 
consolidated  beds  will,  however,  be  sometimes  blown  to  pieoes 
and  niiiigled  with  these  fresher  layers. 
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The  finer  ashes  form  very  compact  beda  that  require  the 
microscope  for  their  determination.  In  many,  particolarly  when 
spread  oat  by  water,  there  is  the  moat  delicate  stratification,  and 
Uie  older  varieties  resemble  grey  or  greenish  slates.  Con- 
cretionarj-  lamps  may  be  formed  in  them,  simttlating  at  flnt 
sight  the  fragments  in  a  tuff. 

II.  The  study  of  taffs  and  ashes  nnder  the  microsoope  is  of 
immense  interest,  owing  to  the  varioas  types  of  volcanic  rock 
that  are  found  thus  thrown  together.  An  abundance  of  glassy 
particles,  often  in  mere  shreds  or  oonchoidal  wisps,  characterises 
the  gronndmass  in  most  cases.  Even  in  ancient  ezamplei,  the 
forms  of  these  remain  strikingly  apparent  (fig.  22).  The  Inrger 
lumps  must  be  compared  with  their  representatives  among  the 
lavas,  but  a  preponderance  of  glassy  types  may  be  expected. 


Fig.  2S. — Altered  Andeuto-tuff— Snend,  db&t  Biahop'i  GuUe,  Shropshire. 
X  11.  FrmEmenti  of  various  Uvu,  more  or  leas  devitrified,  wiUi 
oryttals  and  fine  compaoted  interstitial  &ili,  a.  Compact  andeaite  or 
■^uuiile.  /,  £}eated  crystata  of  Eelipar,  probably  derived  from  the 
breaking  up  of  pnmice.  p,  Perlitic  and  formerly  glaaay  andesita. 
pa,  Pomioeona  and  veaionlar  fngmenti  of  altered  andesita-glam. 

In  fine  compacted  ashes  it  may  be  impossible  to  determine  in 
section  the  volcanio  origin  of  the  material ;  but  modem  examples 
can  be  mounted  in  balsam  like  sands,  when  a  mixture  of  pumiceous 
glassy  frt^rments  and  crystals  of  various  constituents  becomes 
easily  visible  under  a  ^iuch  objective.  The  crossed  nicols  serve 
to  pick  oat  the  crystals  from  the  glass,  the  felspars  appearing  as 
brightly  coloured  cleavage-flakes.     The  careful  microsoopio  study 
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of  Buoh  rec«nt  mftterutls  enoouragH  ooe  to  oope  with  veiy 
dubious  "  elates  "  uid  iudarated  beds  irhich  may  prove  to  be  of 
volcftnio  origin. 

The  minerals  developed  hy  secondary  action  in  tuffa  and  ash- 
beda  aetdom  obscore  tbe  straoture  when  the  miorosoope  ia  used. 
Even  fluor-apar  ariaea  at  timea ;  and  the  vitreooa  matter  becomes 
commonly  altered  to  greeniah  softer  producta,  when  basic  in 
character,  or  to  aniaotropic  granular  areaa  when  more  highly 
silicated.  The  form  of  the  wisps  and  shreda  of  glass  ia,  however, 
well  preserved,  even  in  some  aahee  of  very  ancient  date. 

A  Dreociated  lava  may  often  be  distinguished  from  a  tuff  by 
the  adjacent  fragments  being  clearly  broken  apart  from  one 
another,  veina  of  new  minenua  or  cmahed  materials  filling  the 
gap.  Lavas  may  often  pick  np  fragmenta  of  their  own  oooled 
surfacea  or  of  beds  over  which  they  paaa,  and  the  microscope 
must  prove  the  continuity  and  formerly  fused  character  of  their 
matrix  before  they  can  ba  well  distioguiahed  from  tu^  Pro- 
ducts of  oryatallisatioa  from  the  foaed  moss,  such  as  apherolites, 
Ac.,  will  in  snch  oases  oflen  be  seen  round  the  included  frag- 
ments, and  the  edges  of  the  fragments  may  show  signs  of 
remelting,  or  of  secondary  crystallisation.     (See  p.  99.) 

Pine-grained  ashes,  again,  may  pass  into  true  Bedimentary 
deposits  through  being  acGmnnluted  nnder  water  or  by  the  flow 
of  rain-floods  down  the  sides  of  the  volcano.  Microscopic 
«vtdence  will  hint  at  this  mingling  of  material,  but  snch  sugges- 
tions most  be  worked  out  fully  in  the  field. 

Finally,  the  materials  of  any  one  depoait  are  likely  to  give 
only  a  limited  notion  of  the  nature  of  a  particular  eruption,  or  of 
the  rucks  extruded,  aince  a  aifting  of  a  very  complete  character 
may  go  on  in  the  air,  the  compacter  lava-framenta  falling  nearer 
the  volcanic  centre,  the  crystals  embedded  in  vesicular  glass  being 
carried  farther,  and  the  fine  pumice  being  depoaited  to  form  oon- 
aiderable  dnst-beds  at  a  distance  of  even  several  miles. 


III.  Olatb  Airs  Shales. 

I.,The  plastic  nature  of  tiajt  when  freshly  ooUeoted,  and 
their  easy  sectility  when  dry,  the  cut  anrfisce  appearing  poliehed, 
•re  charactors  known  to  every  one.  Any  change  of  colour  ahonld 
be  noted  in  a  day-pit  aa  deeper  beds  are  approached,  for  the 
anspidon  of  alteration  hanga  over  moat  brown  daya.  The 
irregular  greenish  or  red  streaka  of  the  "  mottled  days  "  impart 
a  charaoteriatic  effect  to  many  fr«ah-water  deposita. 
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The  Btady  of  the  origin  of  clays  may  be  carried  on  npoQ  tfa» 
flanks  of  granite  areaa  or  other  regions  rich  in  felspars.  Even 
the  purest  and  most  sepBr&ted  natural  claj  mil  yield  some 
residue  of  eand-grains  or  Biiicatea,  together  with  minute  mtile, 
after  the  kaolin  has  been  artificially  washed  away.  Mr.  Sorby 
shows  how  the  minute  clay  particles  in  a  natural  current  aggre- 
gate round  larger  gr&ins,  and  thus  fall  earlier  and  in  a  less  pure 
condition  than  would  otherwise  be  the  case.  To  detect  these  ad- 
mixtures, which  may  give  some  hint  of  the  source  of  the  clay,  the 
material  is  broken  up,  without  violence,  and  thoroughly  dried. 
The  pieces  are  now  immersed  for  twenty-four  hours  ia  water, 
when  they  break  down  easily  to  a  very  fine  mud,  which  can  be 
washed  gradually  away  (see  p.  111).  Repeated  washing  in  a 
broad  dish  will  serve  all  ordinary  purposes,  the  fine  muddy 
material  being  poured  off  at  intervals.  The  residue  will  consist 
of  Band,  itc,  ready  for  microscopic  study.  Selenite  and  iroa 
pyrites  may  be  expected. 

Small  fossils,  such  as  entomostraca  and  foruninifera,  may  be 
similarly  extracted.  As  a  recent  writer*  remarks,  their  very 
smallneSB  allows  them  to  retain  delicate  spines  and  structures 
upon  their  surface  when  larger  shells  have  been  entirely  broken 
up  by  natural  or  artificial  pr^sare.  He  recommends  tlie  use  of 
a  quite  moderate  amount  of  water,  so  as  to  allow  of  slight  Motion 
of  the  mud-coated  organisms  against  one  another,  which  assistii 
their  cleansing ;  the  fine  mud  may,  as  a  safeguard,  be  decanted 
off  through  muslin ;  in  some  cases  fine  silk  is  necessary. 

UarlB,  truly  so-called,  may  be  detectt^l  by  their  partial  effer- 
Tesceoce  with  hydrochloric  acid,  the  shelly  or  inorganic  admix- 
ture of  carbonate  of  lime  readily  betraying  itaelil 

Loams,  on  the  other  hand,  are  recognisable  by  the  larss  pro- 
portion of  gritty  matter,  insoluble  in  acid,  that  remains  behind 
after  washing. 

The  beautiful  laminated  structure  of  some  days  become  more 
apparent  where  the  materials  are  more  consolidated  and  the  rock 
passes  into  shale.  On  the  surfaces  of  such  beds  delicate  fossils 
muBt  be  looked  for,  the  leaves  of  Tertiary  deposits,  the  Wealden 
entomoatraca,  the  plant  remains  of  the  Coal-measures,  and  the 
impressions  of  the  graptolite^  being  familiar  examples.  Tery 
finecalcareonsbeds,  like  parts  of  the  Solenhofen  "slatfi,"  resemble 
some  pale  shales,  but  can  at  once  be  distinguished  chemically 
with  acid.  Among  the  older  rooks  there  is  a  tendency  for 
shales  to  twoome  darker  than  the  corresponding  modem  stratified 

*  Sclenliflc  i)^«un,  voL  L  (18SB),  p.  141;  alw>  Fraegor,  "SitoariDBCIaTi," 
B   »  ..,   ...:,    __._..    _J\    i,  (1892),  p,  218. 
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claja,  kad  graphitic  m&tter  becomes  finely  dissemin&ted  by  organic 
decay.  The  figsility  of  the  layers,  due  to  shrinkage,  and  pressnra 
of  upper  depositB,  is  the  essential  character  of  these  ahaly  forms. 
See  also  Concretions  later. 

Bauxite  ia  not  a  trne  clay,  but  is  oommonly  mixed  with  clay, 
and  is  found  in  associstioa  with  ordinary  aedimenta.  In  some 
cases  it  has  dearly  arisen  from  the  decay  of  igneous  rocks  rich 
in  alumina.  It  is  a  oompact  or  pisolitio  mass,  catting  like  olay, 
adhering  to  the  tongue,  and  grey  or  cream-coloured.  Some 
varietdes  are  strongly  red,  .through  abondanoe  of  iron.  The 
material  is  a  hydrated  oxide  of  aluminium  and  iron,  and  ia 
soluble,  except  for  impurities,  in  snlpharic  acid.  Its  value  as  an 
ore  of  aluminium  makes  it  much  sought  for. 

U.  Under  the  miornscape  the  minute  partiolea  of  kaolin  are 
^ty  or  merely  dust-like,  but  distinctly  affect  polarised  light. 
Qtuits  grains  stand  out,  however,  with  coloured  polarisation, 
and  fragments  of  shells  show  the  strong  double  refraction  of 
calcite  or  aragonite,  often  with  black  crosses  due  to  minute  radial 
(^tgresates.  The  residues  after  washing  resemble  sands ;  care 
must  be  taken  that  mica  flakes,  which  may  be  numerous,  are  not 
washed  away  completely  with  the  light  material,  on  account  of 
their  easy  flotation.  The  ratile  is  extremely  minute ;  but  in 
many  clays  the  titanium  dioxide^  as  shown  by  analyses,  amounts 
to  over  -30  per  oent. 

Crystals  or  cleavage-flakes  of  gypsum  (selenite)  are  not  un- 
oommon,  recognisable  by  their  angles  and  low  polariaation-oolouiB. 
Olauconitic  grains  may  also  be  expected. 

ijome  clays  and  ahalea  contain  pnmiceous  and  other  volcanic 
particles,  and  graduate  into  the  snbsqueoua  ashaooumulations 
already  deaoribed.* 

IV.  LwaSTONSS. 

Gounl  Chanoten.  —  The  colours  of  limestones  are  very 
Tsrions  i  bat  the  hardness,  about  3,  helps  grently  in  the  detec- 
tion of  these  rocks.  While  at  times  finely  granular  limestones 
resemble  quartzites,  and  dark  varieties  even  imitate  compact 
basaltic  lavas,  the  knife  readily  settles  the  question,  and  leaves 
a  well  nuuked  scratch,  filled  with  white  powder,  acroaa  the 
limestone. 

thsii  sUIm 


*  A  large  numbn'  of  mionMaopia  detkila  renrdfnit  olsyi,  ma 
tiw  ■latsa,  ore  to  be  found  in  papen  by  Mr.  W.  M.  HntoWifi 
18D0,  pp.  264,  316 1  1891,  pp.  16«,  SM;  1892,  pp.  IH,  81ti[  : 
«4 ;  sad  1806,  pp.  809,  S48). 
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The  Bpeoific  grarity  ii  generally  rather  ander  that  of  calcite^ 
probably  owing  to  organic  impnritiea.  Some  oomp&ct  yarieties 
give  only  2-6,  while  the  dolomitefl  mn  up  to  about  8-8S. 
Varieties  with  much  aragonite  will  give  2-8.  With  tot  acdd 
all  varietiea  effervesce  freely.  The  ordinary  limestones  do  so 
when  a  drop  of  cold  aoid  is  laid  apon  them ;  but  the  dolomitic 
limestones  show  a  lesa  rapid  effervescence,  and  true  dolomite 
gives  barely  a  trace  until  heated  in  the  aoid. 

The  residues  after  solution  (see  p.  120)  are  often  of  extreme 
interest.  Sand-grains  are  of  course  common,  with  glanconite, 
tremoUte,  flakes  of  mica,  Aa.  But  in  many  cases  silicified  organic 
structures  may  appear;  and  in  the  Carboniferous  limestones 
doubly  terminated  quarts  crystals  have  been  frequently  noted, 
containing  impurities  from  the  limestone,  in  whisb  tney  have  been 
deveioped  after  its  oonsolidatiun.  Mr.  E.  Wethered  has  found 
these,  in  the  Olifton  limestones,  formed  round  detrital  sand-grains, 
just  as  the  secondary  quartz  is  deposited  in  the  sandstones  iuready 
described.  Excellent  figures  of  the  appearance  of  some  of  these 
residues  accompany  his  lAper.*  We  may  note  that  fissile  lime- 
stones are  rare,  and  that  planes  of  lamination,  though  they  may 
be  quite  apparent,  as  in  some  Tyrol  dolomites,  do  not  necessarily 
fcirm  easy  planes  of  separation.  The  distinct  vertical  joints, 
passing  down  through  many  feet  of  strata,  give,  with  the  bedding- 
planes,  the  well  known  block-like  character  to  exposed  limestene 
Burfaoes,  and  tend  to  perpetuate  the  terraced  cliffs  so  familiar  in 
the  field.  In  the  hand,  compact  limestones  break  through  with 
a  clean  fracture  in  almost  any  direction,  the  sur&ces  produced 
by  trimming  being  oonchoidal  in  those  of  the  finest  grain. 

Mr.  Sorby  observes  that  the  fissile  character  of  the  Stonesfield 
"slate" is  due  tolaminefrom  the  ehellsof  OstreaandbrachiopodSk 
Another  point  brought  out  by  his  extended  aeries  of  studies  and 
comparisoDst  is  the  frequent  occurrence  of  small  rolled  fragments 
of  earlier  beds  of  limestone  in  those  of  later  consolidation. 

Concretions  of  silica  (flint  and  chert),  and  the  replacement  of 
whole  beds  by  pseadomorphio  action,  are  common  features  of 
limestones  of  every  ago.  The  character  of  the  products  of  such 
action  will  be  discussed  in  the  seventh  division  of  this  chapter. 

The  faces  of  cracks  in  limestones,  and  the  surfaces  of  hollows 
and  caves,  will  be  commonly  found  coated  with  stalactitic  crusts, 
often  of  great  delicacy.  Similar  deposition  upon  leaves,  twigs,  dco, 
from  springs  containing  carbonate  of  lime,  gives  rise  to  travertine 
or  "calcareous  tn&,"  the  interspaces  becoming  finally  filled  up 
"giHirt.  J.vni.  Otol.  Soe.,  voL  xUv.  (1888),  p.  IBft 
i  Pretidentul  Address,  1S79.    Quari.  Joum.  Qtol.  Soe.,  vol.  zxxv.,  p.  S6. 
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■with  caloite  and  the  whole  mass  ooiiEolidaited  into  a  limeatone 
showing  T^etable  impreeaiona. 

Shelly  LimeBtones  and  Chftlk. — Seeii^  that,  w  Mr.  Sorbjr  has 
shown,  followed  recently  by  Messrs.  Cornish  and  Kendall,*  there 
are  numerous  or^uiisms  that  constmot  shells  of  aragonita,  while 
other  shells  consist  of  oaloite,  and  yet  others  of  layers  of  both 
these  minerats,  we  must  expect  to  find  both  forms  of  carbonate 
of  lime  in  association  in  our  afaell-banks,  or  in  their  older  re- 
presentatives, the  shelly  limestones.  The  crystalline  matter 
filling  interspaces,  aad  the  actual  shell-substance  of  brachiopode, 
echinoderms,  and  many  lamellibranchs,  oonsiBt  of  oalcite;  while 
the  instability  of  aragonite  gives  rise  to  peeudomorphs  in  granular 
calotte,  or  to  the  total  removal  of  the  shells  originally  built  up 
by  it.  Henoe  oalcite  becomes  the  prevalent  constituent  of  con- 
solidated limestones.  In  judging  of  the  fauna  to  be  found  in 
these  rocks,  allowance  must  be  made  for  the  solubility  of  the 
nragonite  ^ell^  and  search  must  be  made  for  impressions 
-and  casta.  Thus  porcellanons  foraminifera,t  the  skeletons  of 
corals,  many  lamellibranchs,  and  most  gastropods,  may  be 
absent  from  permeable  rocks  in  which  they  once  existed  in 
abundance.  Messrs.  Cornish  and  Kendall  show  how  below  the 
saturation-level  such  shells  may  be  preserved,  though  in  a 
ommbling  condition,  while  in  the  beds  throngh  which  the  water 
actually  flows  they  become  entirely  removed,  the  calcdte  shells 
being  also  affected  along  well-marked  lines  of  flow. 

L  In  tlie  field  the  shells  should  be  looked  for  upon  weathered 
sur&oes,  or  upon  the  marked  bedding-planes  of  the  rock.  Many 
slab-like  masses  seem  unprodaotive  until  split  open  parallel  to 
the  stratification.  Carefol  chiselling  away,  after  collection,  with 
A  small  chisel  or  a  blunt  knife-end,  and  steady  cautious  fi^ction 
with  a  tooth-brush,  dry  or  under  water,  will  reward  the  worker 
who  has  time  for  the  development  of  choice  specimens.  Caloite 
shells  have  a  somewhat  transparent  appearance  in  small  Irag- 
ments;  aragonite  shells  are  more  porcellanous  and  dull,  and 
will  toratch  tha  lurface  of  a  ealoiu  oryatai.  The  remarkably 
uniform  crystallisation  of  the  calcdte  in  echinodermal  remains, 
whether  tests,  spines,  calyxes,  arms,  or  stems,  enables  one  to 
pick  out  these  bodies  upon  fractured  surfaces  of  limestone.  The 
cleavages  are  as  perfect  and  continuous  as  in  calcite  crystals,  as 
may  readily  be  seen  in  the  tests  of  the  numerous  echinoidea  of 

*  "On  tite  Minoialogldal  Constitntion  of  Caloareoiu  OrgaDimu."  OttL 
Mag.,  1888,  p.  66. 

t  Sollas,  "  On  Sponn  SplonlM,  ko.,"  Joum.  S.  Otei.  8o«.  Irrimd,  *ol. 
*iL,  p.46. 
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the  Chiilk  or  in  the  stems  of  Carbonifbrous  crinoids.  Other  shell- 
struciurea,  like  the  pearly  folia  of  the  oysters  or  the  tibrous 
fractured  sur&ces  of  Inooeramtu,  can  bo  ch&raoteristically  recog- 
nised on  rough  surfaces  of  limestone.  Psendomoiphs  of  the 
fossils  in  carbonate  of  iron,  silica,  hiematite,  &c,  are  by  no  means 


IL  While  shell-Beotions  can  be  well  stndied  with  a  lens  in 
quarries  of  fossiliftrons  limestone,  the  microacope  afibrda  much 
material  for  careful  observation.  The  recognition  of  the  varioaa- 
organisms  is  n&tarally  difficalt  in  seotioiiB,  and  reoourse  must  b« 
had  to  the  solid  types  in  the  rook-apeoimeii  iteelC  Foraminifera, 
as  in  chalk,  suggest  their  presence  by  the  multiplicity  of  their 
(diambers  and  by  a  number  of  detached  thin-walled  circuW 
■eotions.  The  slides  should  be  of  large  sise,  and  sections  are  then 
BOie  to  occur  which  pass  oouTeniently  through  oertain  forms  and 
reveal  the  true  relations  of  the  cbunbera.  In  Cretaceous  ohalk 
there  are  the  curved  forms,  like  scimitars,  of  larger  sheils,  moro 
transparent  than  the  calcareoua  mud  that  forms  the  gronnd- 
mass ;  and  occasionally  the  rectangular  fibrous  sections  of 
fragments  of  Inoc«ramua  lie  scattered  through  the  slide. 

When  chalk  is  carefully  broken  up  and  washed,  as  in  a  mualin 
bag  under  a  flowing  tap,  the  foraminil'era  may  sometimes  be 
extracted  solid,  and  can  be  mounted  as  if  they  were  part  of  a 
modern  ooze.  By  nibbing  up  with  a  tooth-brush,  a  fine  white 
mud  is  produoed,  which  shows  abundant  cocoolitha,  like  those  of 
existing  seas,  when  examined  with  a  i-inch  or  ^inch  power. 
This  process  of  separation  is  sometimes  naturally  performed  in 
the  fine  detrital  mud  to  be  collected  at  tfae  base  of  ohalk  escarp- 
menW.    {Cf.  Chapman,  Proc.  Geei.  AiMoe.,yo\.  xvi.,  1900,  p.  268.) 

Sections  of  chalk  are  by  no  means  diffionlt  to  prepu^  but 
must  be  finished  without  emery  and  with  a  delicate  hand.  The 
harder  beds  that  occur  at  certain  levels  may  conveniently  be 
chosen  for  this  purpose. 

in  some  sections  of  oh&lk,  as  in  speoimeos  from  the  Chalk- 
Rock  and  Melboum-Bock  (the  upper  and  lower  limits  of  the 
British  Turouian),  the  fact  that  the  bed  is  partially  constructed 
of  fragments  derived  from  earlier  layers  is  well  displayed  and 
has  an  important  stratigraphical  bearing.* 

Sections  of  shelly  limestones  parallel  to  the  stratification  and 
perpendicular  to  it  will  natnrally  present  very  different  char- 
acters, and  will,  in  cases  where  weathered   Bur&ces  are  not 

*  Bm  Pro£  Jndd,  "  Jnnuia  Bapoilti  under  Londou,"  (iuart.  Jcmm. 
OtoL  8oe.,  vol.  xL  (1S84),  p.  733  and  pUte  xxxUL  AIm  Hill  and  JnkM- 
Browns,  Aid.,  voL  xUL  (1886),  p.  229. 


)  by  Google 


BKDmaNTART  BOOKS.  20J 

ftTailable,  be  of  service  in  determining  the  trae  formB  of  th» 
embedded  foasila. 

The  material  between,  the  fooaila  and  filline  their  cavitieM  is- 
found  to  be  a  detrital  mad  {^nnd  from  Bnell-fragments,  or 
distinctl;  oryBtalline  oatoite  whioh  has  gradually  developed.  If 
carbonate  of  lime  forma  minate  crjatats  even  in  ordinary 
chemical  precupitation,  the  oocnrrenoe  of  well  developed  granules 
in  seotione,  with  oharaoteristio  signs  of  cleavage  and  twinuiog, 
mnst  not  be  taken  aa  evidence  of  extreme  metamorphiam,  but 
rather  aa  the  natural  aooompanimant  of  the  oonsolidation  of  th» 

Coral-IdmestoneB. — Scattered  corals  occur  in  many  shelly  limo- 
stones;  but  occasionally  the  branching  or  aatnean  types  build  up- 
nef-like  massea  among  ordinary  sediments,  enclosing  the  coral- 
detritus  aconmulated  on  their  flanks,  together  with  many  remains- 
of  the  organisma  of  the  external  sea.  These  ooral-Umestonea  can 
be  well  studied  in  polished  sarfaces,  which  often,  by  coatraets  of 
colour,  show  more  than  thin  sections,  in  which  the  crystals  of 
oalcite,  in  the  walls  as  well  as  in  the  interstices,  obscure  th& 
definitenesa  of  the  outlines. 

In  some  altered  masses,  as  in  the  Dolomite  Alpe  of  Tyrol,  tbe- 
ooralB  have  been  very  largely  removed  by  solution,  having  con- 
sisted of  aragonite,  and  the  reef-like  character  of  the  limestone 
is  not  at  onoe  apparent  until  its  physical  and  str&tigrsphical 
relations  have  been  worked  out  in  the  field. 

LimBBtones  fonnad  by  Calcareoas  Algs. — The  importance  of 
the  corallines,  in  coral-areas  or  farming  independent  banks,  makes 
it  possible  to  find  beds  of  limestone  in  which  their  remains  are 
abundant.  Id  hap-hazard  aections  their  elongated  cells,  in  rows 
one  above  the  other,  may  be  taken  for  polyzo&n  or  oorallion 
atntctures.  The  Li^thamnium-heda  of  the  Vienna  basin  are 
an  example.  Aa  will  be  seen  below,  many  oolitic  deposits  have 
been  claimed  as  of  algal  origin. 

FlBOlltic  and  Oolitic  Lime8to&e&. — I.  Treating  the  first-named 
of  these  aa  merely  a  coarse  variety  of  the  aecond,  these  rocks 
have  the  following  oommon  characters.  On  weathered  surfaces, 
and  on  fractured  sur&oes  of  most  mesosoic  and  later  types, 
distinct  ellipsoidal  and  spherical  bodies  are  visible,  osnally 
forming  the  bulk  of  the  rock  and  of  the  same  pale  colour  as  the 
gronndmass.  In  chemically  altered  ^pes  they  become  darker 
than  the  interstitial  matter,  appearing  brown,  red  (Olifton),  or 
black  (Himant  limestone).  With  the  lens,  concentric  structore 
about  a  oompacter  nucleus  is  frequently  dearly  Been;  the  nndeoa 
is  often  a  fragment  of  some  fosail 
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In  pisolitic  limeatotiBS  these  bodies  are  irregularly  ellipsoidal 
And  ofben  flattened,  and  oven  resemble  thick  nammolites  ia 
some  examples. 

The  oolitic  grains  formed  among  the  modern  coral-FeB&  of  the 
Weat  Indies,  or  in  the  great  Salt  Lake  of  Utah,  and  studied  b; 
J>6  la  Beche,*  Sorb;,  and  uthers,  are  doubtleas  comparable  to 
the  ooQiponentfl  of  the  oolitic  rocks  that  occur  among  the 
formations  of  all  ages. 

It  may  htq)pen  that  the  original  structure  of  a  limeBtone  is 
entirely  destroyed  by  orretallisation.  Eren  then  itA  former 
character  may  be  detected  in  the  chert-bands  that  developed  at 
-an  early  period  in  the  mass.  Thus  the  chert  of  the  Assynt 
limestone  at  Stronechmbie,  Satherlacd,  preserves  in  the  moat 
'exquisite  manner  the  oolitic  structure  that  doubtless  once  pre- 
vailed throughout  considerable  masses. 

II.  In  section  the  oolitic  grains  show  a  delicate  ooncentrio 
structure,  with  occasionally,  in  addition,  a  radial  groupiog  of 
the  components.  The  central  ovoid  nucleus  is  often  large  in 
proportion  to  the  grain,  and  is  a  fh^ment  of  some  fossil,  a 
foraminifer,  a  sand-grain,  or,  very  commonly,  a  rounded  detrital 
lamp  of  limestone-mud  on  which  the  concentric  layers  have 
.accumulated.  Many  sections  of  the  grains  show  no  nucleus,  the 
■central  portion  not  being  included  in  the  thickness  of  the  slide. 

Mr.  E,  Wethered  t  has  noticed  in  the  grains  of  the  pea-grit  of 
■Oheltenham,  and  in  a  bed  from  the  Oxfordian  of  Osmington  in 
Dorsetshire,  that  the  concentric  layers  are  filled  with  minute 
tubules,  which  are  "remarkabie  for  the  extraordinary  vermiform 
"twistings  which  they  exhibit."  These  may  be  seen  with  a  j-inch 
objective,  and  are  certainly  strongly  suggestive  of  an  organic 
origin.  The  name  author  has  carried  on  the  investigation  to 
ordinary  oolites,  and  shows  |  that  the  grains  of  these  also  abound 
towards  the  exterior  in  convoluted  tubular  markings.  Such 
delicate  tubes  are  also  clearly  seen  in  sections  of  the  West 
Indian  grains.  They  have  sinoe  been  shown  to  be,  in  some 
cases,  due  to  the  borings  of  algte,  such  as  penetrate  many  shells. 
igee  QtiarL  Joum.  OeoL  Soc,  vol.  xlvii.,  p.  367,  and  Bomet  and 
.Flohault,  BulL  Soo.  Sotanigue  d«  Fnmee,  t.  xxzvi.,  p.  147 ;  also 


•Otatogical  Obtemer,  Sod oditleo,  p.  106;  O.K.  OUbert,  "I^sB 
fille,"  Monograph  i,  VX   "    '   "  " 

JaM.  JUrMin.,  1800,] 


Tillv,"  Mtmograph  i,  U.S.  Qeol.Svrv.,  p.  169;  Rothplstz,  ftbAnot  in  .VniM 


E«nii,  Proc.  0<iol.  A-oe,,  vol.  liv.,  p.  69;  ud  TmU,  ■■ 
vol-  iv.,  Qtoi.  Sure.  Urtiitd  Kingdom,  p.  8. 
tQuart.  Jotrn.  Otol.  Soc.,  vtJ.  xlvi.  (1890). 
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Kattwt,  ■vtA.  zliii,  p.  186).  It  cannot  ^et  be  oonsidOTed  aa 
proved  that  filiform  algn  directly  originate  the  oolitic  grains, 
'  though  their  adheaioD  may  aid  further  deposition  of  oaloiom 
carbonate. 

Spheroidal  calcareona  concretionary  deposita  occur  in  eome 
springs,  as  in  the  well-known  Spmdelstein  of  Carlsbad.  These 
in  section  appear  rather  more  nniform  in  structure  than  the- 
ordinary  oolitic  g:Taina 

With  oroBsed  nicoln  oolitio  grains  give  a  black  cross,  due  either- 
to  a  tangential  or  radial  arrangement  of  the  coostitiient  prisms. 
If  we  can  ascertain  bj  ordinary  teats  that  we  are  dealing  with 
calcite  or  with  aragonite,  the  direction  of  vibration  for  the  fastest, 
ray  in  the  components,  as  given  by  the  quartz  wedge,  will  suffice 
to  show  in  which  direction  the  longer  axes  of  the  little  prisms 
point  (see  p.  156).  Thus  on  pushing  in  the  wedge  at  46°  to  the 
vibration-planes  of  the  nicols,  the  oolitio  grain  will  be  divided  into- 
ftinr  coloured  aectore  shading  into  one  another.  If  compensation 
occurs  in  ^e  two  sector*  which  lie  along  the  longer  direction  of 
the  wedge,  the  vibration-direcuons  of  the  fosteat  rays  are  radial ; 
if  in  the  sectors  that  lie  across,  they  are  tangential.  Hence  we 
conclude  as  to  the  relations  of  the  prisma  to  the  spheroidal 
aggregate,  when  the  grain,  as  is  osnidly  the  case,  consists  of 
calcium  carbonate. 

But  the  common  ellipsoidal  tyjie  of  grain  gives  us  a  quicker 
mode  of  determining  this  interesting  point  To  this  matter 
reference  has  been  already  made  when  treating  of  aggregate 

Eolarisation  (p.  149).  If  the  elliptical  section  ia  set  upright  or 
orizontal  in  the  field,  the  arms  of  the  black  cross  are  parallel  to 
the  vibration-planes  of  the  nioola ;  if  the  grain  is  built  of  radial 
prisms,  the  cross  is  undisturbed  on  rotation  of  the  stage ;  if,  on 
the  other  hand,  the  components  lie  tangentially,  aa  is  so  commonly 
tiie  case,  the  anna  approach  and  recede  from  one  another  during 
rotation. 

J&i.  Sorby  has  shown  how  oolitic  gndns  recrystallise  within^ 
and  form  aggregates  of  calcite  granules,  all  structure  but  the 
outer  form  being  lost.  The  grains,  probably  from  their  being 
composed  of  aragonite,  easily  become  altered,  and  are  often 
stained  iron-red  in  section,  or  are  black  with  psendomoriihio 
infiltrations,  while  the  groundmaes  of  calcite  granules  remains 
clear.  The  oolitio  ironstones  of  Cleveland  and  Northampton, 
where  the  grains  consist  of  carbonate  and  oxide  of  iron,  have- 
been  shown  to  result  from  the  alteration  of  ordinary  oolitic  lime- 
atones. 

Bilioa  plays  some  part,  however,  in  this  series  of  chemical 
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-chaDges.  On  treating  such  ironstoaeB  with  hydrochloric  acid,  ft 
very  interestinff  skeletal  residue  of  amorphous  silica  resnlte,  the 
forms  of  the  oolitic  grains  being  accurately  preserved.* 

Finally,  the  interstitial  matter  between  the  grains  of  oolites 
resembles  the  groundmass  of 
-ordinary  limestones  (see  fig.  23). 
It  ia  often  converted  into  granu- 
lar calcite  while  the  delicate 
structures  of  the  grains  are  stUI 
preserved;  bnt  ultimately,  as 
above  hinted,  even  the  grains 

may  become  merged   into  the  «^ 

.altering  groundmaes.  If  con- 
verted, however,  into  ferru- 
ginous or  silioo  -  ferruginous 
'pseudomorphs,  tbey  are  likely  to 
be  preserved  through  immense  ~ 

periods    of   change,    and    will     nsimg 

remain  readily  recognisable  in  tVentaiie,  Alpg  of  Savoy,  x  13. 
sections.  '>  C&lcite.    m.  Mica  in  elongated  uid 

Dolomitlc  Limestonea  and  ~nt<»tedfolia^,,  Quirt.  !>«>«. 
n-1  _■*         T    FTii.  1.1       °'  oobtio  itructDi*  remain  In  tona 

DolomiteB.— I.    These  resemble     ^f  the  limaetoDe  fragment ;  othcn 
ordinary  types,  bat  are   liable     ue  oompaoter  and  almcat  opaque, 
to  contain  cavernous    hollows 

and  cavities  of  retreat,  as  if  the  matorials  bad  shrunk  during  the 
{vocess  of  chemical  change.  The  specific  gravity  is  higher  than 
that  of  ordinary  limestones,  being  about  2*8.  Commonly  the 
formation  of  dolomite  in  ordinary  limestone  spreads  as  a  sort  of 
disease  in  bands  and  patches,  often  resembling  igneous  veins. 
The  iron  that  is  often  at  the  same  time  introduced  colours  the 
dolomite  a  faint  brown,  in  striking  contrast  to  the  dark  grey 
limestone  round  it. 

The  well-known  spheroidal  tufgregates  in  the  magnesian  lime- 
stone of  Dnrham  have  been  shown  by  Mr.  Garwood  to  result 
from  the  crystallisation  of  oalcito  within  the  dolomitic  mass  {6«ol. 
Mag.,  1891,  p.  433). 

The  non-effervescence  of  true  dolomite  with  oold  acids  may 
.cause  mistakes  on  hurried  examination.  The  hardness,  however, 
is  only  a  little  above  that  of  calcite  limestones. 

IL  The  microscope  shows  a  greater  prevalence  of  the  rhombo- 
hedron  among  the  crystalline  coastituenta  than  is  the  case  in 

*  See  Judd,  Memoin  o}  QtU.  Survey,  "Geology  of  RntUnd,"  pp.  117- 
I36i  and  Hndleaton,  "Oeological  Eiitor;  of  Iron  Urea,"  Froe.  OmI.  Aiuk., 
vol  zL,  pp.  123,  IZe,  Ac     E^lchat,  Oeoi.  Mag.,  1892,  p.  114. 
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orduuuy  limeatone.  Ths  metamorphosed  highly  crfBtalline 
dolomitM  will  be  treated  Iftter. 

Brecdated  UmestoneB. — Owing  to  the  yielding  natare  of  the 
rook,  then  ^pes  are  fiurly  oommou  where  earth-tnovements 
have  taken  place.  The  cracks  become  filled  with  calcite.  By 
development  of  mioa  along  snrfaoes  of  movement,  they  paas  over 
into  the  metamorphic  "  <»l(S«ohistB  "  (fig.  23).  The  deformation 
of  fosBila  in  sach  rooks,  or  their  redaction  to  mere  mineral 
fru^entB,  afibrds  a  moat  interesting  field  for  observatiou. 

LimeBtone-Conglomerate.    See  Bwtion  IX. 


Y.  Bomb-bids  amd  Phosphatio  Diposin. 

The  fragments  of  bono  have  nsnally  become  rioh  dark-brown 
or  grey-black,  and  have  a  characteristic  lustre.  Associated  with 
them  is  concretionary  phosphate  of  lime,  which  forms  nodules 
round  them  and  disgoisea  their  outlines.  Some  phosphatio 
deposits  consist  of  black  casts  of  fossils,  mingled  with  irregnlar 
concretionary  lumps.     All  oases  can  ea^y  be  tested  ohemioally. 

"Coprolitic  deposits"  are  often  wrongly  so  called,  consisting 
in  reality  of  concretionary  and  septarian  nodolea. 

When  fbssils  have  beoome  preserved  in  a  bed  by  the  infil- 
tration and  segregation  of  pnosphates,  they  resist  ordinary 
physical  disintegration,  and  are  Sigain  and  again  found  m 
derived  fragments  in  formations  of  later  periods. 


TL  Rooks  Dipohitkd  froh  Soltttioit. 

We  have  mentioned  above  the  pisolitio  deposit  of  aragonite 
occurring  around  sand-grains,  ^,  in  some  hot  springs,  and  it 
remains  probable  that  the  oolites  may  also  be  referred  to  this 
division. 

Stal&dltflS  and  Stalagmttei,  aooumnlating  slowly  where  water 
emerges  after  passes  through  calcareous  rocks,  oommonly  show 
a  crystalline  stracture  to  the  eye.  It  may  seem  unnecessary  to 
caution  the  student  against  mistaking  polished  sections  of  stalao- 
titec  for  fossil  wood,  but  the  error  hsa  been  sometimes  made, 
especially  when  the  material  is  not  carbonate  of  lime,  but  some 
du-ker  mineral  like  the  brown  barytes  of  Derbyshire.  The  suo- 
eessive  layers  in  some  stalactites,  and  in  most  stalagmites,  are 
well  marked  on  broken  sur&ces,  and  the  mode  of  deposition  can 
be  olearly  appreciated  from  ttus  structure,  from  the  form  of 


CJoof^lc 


806  flKDIKKKTAfiT  BOCKB. 

Bt&lactitea,  and  &om  the  ohamcteriBtio  mftmmillated  enmces  of 
Btalagmites. 

Tnvertiiie,  oonsisting  of  carbonttte  of  lime  deposited  apon 
twigs,  leaves,  <fec.,  in  streams,  often  ooutains  relics  of  vegetable 
matter,  or  casts  of  such  materials  appear  Then  the  consolidated 
mass  is  broken  open.  Mr.  Sorbf  observed  that  even  in  traver- 
tine tbe  little  calcite  crystals  were  sometimes  deposited  with 
their  principal  axes  perpendicular  to  the  twigs  round  which  tbey 
formed.  Tiavertines  are  charaoteristically  pale  in  colour,  being 
opaque  white,  brownish-grey,  or  slightly  tilled  with  orange  where 
iron  oxides  are  more  abundant. 

The  above  deposita  must  be  distinguished  by  the  use  of  add 
fivm  tbe  rarer  but  parallel  siliceous  forma,  since  the  friability  of 
many  siliceous  sinters  prevents  the  estimation  of  their  hardness 
with  the  knife. 

Siliceoas  Sinter. — This  is  the  deposit  of  some  geysers  and  hot 
springs,  and  often  forms  pure  white  fragile  crusts  and  stalagmitic 
accumulations  of  amorphous  silica.  By  slow  changes  these  paai 
into  chalcedonic  typ».  The  siliceons  sinter  of  geyser-basina  has 
been  stated  to  be  deposited  most  rapidly  where  algia  are  present 
in  the  water,  and  to  be  due  to  a  direct  action  of  these  algn- 
(Weed,  ninth  Ann.  Report  U.S.  9mI.  Surv.,  p.  660). 

The  colour  of  sinter  passes  into  grey,  funt  brown,  or  even 
pink,  as  in  the  famons  terraces  of  Kew  Zealand,  now  destroyed. 

Oypaum  (AlabaBter). — I,  This  rook  is  also  generally  white,  with 
a  compact  structure,  semi-transparent,  and  resembling  some  pure 
crystalline  limestones.  The  glancing  suriaces  of  the  calcite 
cleavages  in  the  lattttr  are  represented  in  some  ooarser  alabasters 
by  the  clinopinacoidal  plates  of  the  gypsum  crystals;  but  as  a 
rule  tbe  mass  is  more  compact.  The  hardness  is  only  2,  and  the 
thumb-nail  thus  distinguishes  the  two  types  of  rock.  The  white 
powdery  surfsces  of  gypsum  when  struck  by  the  hammer  re- 
semble those  of  crystalline  limestoue. 

Tbe  specific  gravity  is  another  excellent  test,  being  only  about 
2'32.  The  rook  does  not  effervesce  with  adds.  In  the  field  the 
whiteness  of  the  rock,  as  it  appears  in  bosses  through  the  soil,  or 
gleams  high  up  among  mountain-masses,  is  a  feature  that  attracts 
attention  at  a  distance  even  of  miles.  The  comparative  purity 
of  massive  gypsums  prevents  their  weathered  sur&oes  from  being 
masked  by  products  of  decomposition. 

IL  With  crossed  nicols  the  low  polarisation-oolours  of  gypsum 
are  seen.  The  crystals  are  granular  and  in  contact,  with  well- 
marked  cleavages. 

Bock-Salt. — The  characters  of  this  rook  may  be  seen  from  the 
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ftcooant  of  the  mineral  od  p.  7C.  On  aolntioa  ia  vater,  &a 
earthy  (wd  often  fermginoiu  residue  ia  left,  whioh  may  repay 
exatnination. 

Some  Ironttones  Bhonld  be  placed  here,  being  loose  earthy 
brown  depoeita  formed  bj  the  breaking  np  of  the  dtosolTed  salts 
of  iron  in  the  open  waters  of  lakes. 


VII.   SiaBBOATITI  ASS  pBKni>OK0BPHia  ROOKB. 

Conoretionazy  Umestonea. — These  may  be  expected  in  the 
form  of  nodnlar  masses  in  calcareous  days,  often  septariform, 
1.0.,  cracked  np  subsequently  and  recemented  by  infiltrations  ot 
CT7Stalline  minerals.  Fossils  should  be  looked  for  in  such 
uodnlea,  since  they  may  there  be  well  preserved,  having,  indeed, 
given  rise  to  the  concretion  by  snppljring  a  centre  of  tjie  same 
material  as  that  in  process  of  segregation. 

The  &ot  that  the  lines  of  bedding  pass  through  concretions, 
and  are  not  thmat  aside  by  their  growth,  shorn  that  the  action 
cements  together  the  particlea  of  the  rock  with  a  new  material, 
01'  actually  replaoea  Uiem  by  a  paeudomorphio  product  of  segre- 
gation. 

Cone-iB-cone  Strootnra. — This  is  a  fiurly  oommon  structure  in 
rocks  composed  of  carbonates,  and,  indeed,  in  any  material 
capable  of  radial  fibront  crystallisation.  The  material  seems  to 
Oonsist  of  a  number  of  funnel-shaped  forms  fitting  into  one 
another,  some  of  the  resulting  compound  oooes  having  their 
apioes  downwards,  and  some  upwards,  in  the  same  bed  of  rock. 
Under  the  microscope,  films  of  dark  impurities  can  be  seen 
between  the  sncceaaive  orystallinB  "  funnels  "  oom posing  the  com- 
pound cone.  The  whole  straoture  evidently  results  from  radinl 
fibrous  crystallisation,  and  a  struggle  to  get  rid  of  the  impurities 
amid  which  the  crystals  are  developini;.  These  become  pressed 
in  between  tiie  coats  of  each  oomponnd  conical  oryatal,  and  oUow 
of  their  s^>aratu>n  into  successive  hollow  cones.  (See  Gresley, 
Bfol.  Mag.,  1887,  p.  17  ;  Oole,  Min.  Mag.,  vol.  x.,  p.  136  ;  Bonney, 
ibid.,  voL  xi.,  p.  24). 

IronBtoneB.  —  I.  Blany  ooncretioas  condst  (rf  brown  olRy 
bonstone,  which  efferveeoes  with  hot  hydrochloric  aoid,  the 
solution  becoming  coloured  a  strong  yeHow.  These  nodules 
consist  of  carbonate  of  iron  with  brown  oxide  rusts.  The 
"  black-bond "  of  the  Coal-measuro  rocks  is  similar.  Iron- 
ttooes  very  firequently  result  from  the  pseudo<uorphoais  of 
some  ta^axrj  sedimentary  rock,  though  some  arise  from  de- 
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position  M  bog  iron  ore,  &nd  othora  ue  moral;  oemeated 
sand  stones. 

Bj  the  bre&king  up  of  concretionary  oarbooate  of  iron,  oon- 
ceatrio  coats  of  limonite  are  formed  in  snooeasion  around  each 
original  oeatre ;  vhere  the  rock  is  split  up  into  ouboidal  blocks 
bj  jointing,  eaiJh  block  on  being  broken  open  reveals  towards  the 
centre  sections  of  conceutric  spheroidal  surfaces,  marked  brown 
hy  the  hydrated  oxide,  which  is  a  stable  prodoot  insoluble  in 
water.  As  these  surfaoes  approach  the  joint-planes,  they  con- 
form more  to  them,  and  the  outermost  ooat  is  often  box-like  and 
well  consolidated,  protecting  the  interior  from  further  action. 
Concrationaiy  layers  of  limonite,  with  no  apparent  connexion 
with  joint-planes,  ma;  be  found  in  many  sands,  and  servo 
to  protect  fossils  that  might  otherwise  have  beeo  entirely 
dissolved. 

The  "pisolitio"  iron-ores  (more  commonly  "oolitic,"  mi 
acooant  of  the  small  size  of  the  grains)  offer  some  points 
of  difficulty.  Some  appear  to  owe  their  strnoture  to  con- 
cretionary action  set  np  at  the  time  ,of  deposition  of  the 
ore,  othera  as  certainly  to  the  pseudomotphosis  of  calcareous 
oolite.  One  of  the  mont  perfect  and  beautiful  examples  of  this 
structural  type  of  ironstone  occurs  near  Pont  de  Beauvoiain  tn 
the  department  of  the  Isdre.  In  our  older  examples,  such  as  the 
black  ironstone  of  Tremadoc,  a  dehydration  has  taken  place,  and 
the  rook  resembles  a  heavy  compacted  shale,  the  specific  gravity 
readily  calling  attention  to  it.  The  powder  is  attracted  by  tlie 
magaet     The  oolitic  granules  are  still  recc^isable. 

Q.  The  oxidatioo  and  hydration  of  the  irenstoaes  make  them 
&irly  opaque  in  microeoopic  sections.  Included  sand-grains  and 
shel^  become  visible  as  transparent  specks.  The  "pisolitic" 
varieties  of  Wales  show  green  oolitic  grains  tall  of  granules  of 
magnetite,  the  groundmasa  being  almost  opaqne.  The  green 
colour  may  be  due  to  silicate  of  iron,  since  a  siliceous  skeleton  is 
left  behind  after  boiling  the  grains  in  acid.* 

Flint  Eind  Chert. — L  These  terms  can  be  used  synonymously 
fbr  the  concretions  and  beds  of  cbalcedonic  and  amorphous  silica 
found  so  frequently  in  limestones  and  sandy  rocks.  The  char^ 
acteristically  nnifomt  and  often  oonoboidal  surface  of  fracture,  the 
semi- transparency  of  fragments,  and  the  hardness  (—  7),  are  osa- 
fnl  features  in  determination.     Acids,  moreover,  have  no  effect. 

Nodular  flints  and  chert-bands  are  found  to  follow  tii9  lines  <^ 
sbratification  of  the  rooks  in  which  they  occur.     ThBy  may  also 

*  Cola  and  Jsmiiius,  '■  Hie  northern  alopos  d  Cbder  Idiis.'  QMa>«. 
Jotm,  0m(.  SocvoC  jIt.  118S9),  p.  tSB. 
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be  looked  for  in  "tabular"  forms  &Iong  planes  of  jointing  or 
firalting.  In  the  Otiolk  the  white  exterior  of  the  flints  is  due  to 
porosity  on  a  microBoopic  scale,  caused  hy  the  removal  of  the 
more  soluble  part  of  the  chalcedonic  silica. 

With  the  unaided  eje,  duller  white  patches  are  often  seen  in 
cherts  and  flints,  which  are  the  residue  of  chalk-mud,  or  of  fossil 
forms,  mainly  sponges,  about  which  the  segregation  has  taken 
place.  Fossils  may  be  included  without  change,  casts  being 
formed  of  tbem,  or  their  calcareous  substance  may  be  partly  or 
wholly  ailicified,  like  the  corals  of  the  Fortlandian  in  the  west  of 
Engluid.  In  the  Carboniferous  limestone  whole  beds  of  chert 
occur,  in  which  the  fossils  ^encrinite  stems,  &a.)  are  represented 
by  mere  empty  moulds,  having  been  dissolved  away  aubsequeatly 
to  the  peeudomorphio  replacement  of  the  groundmass  by  ofaalce- 
donic  silica. 

All  caaesof  this  kind  deserve  attentioo,  and  the  knife  must  be 
kept  ready  to  test  any  residual  areas  of  carbonate  of  lime.  By 
trMiting  some  of  the  remaining  sheUs  with  acid,  a  partial  re- 
placement may  sometimes  be  found  to  have  occurred,  as  in  the 
/flocaramiM-fragments  in  the  Chalk. 

While  the  actual  chert-substance  often  appears  homogeneous 
Tith  the  lens,  in  many  cases  opaquer  rod-like  bodies  can  be 
detected,  and  these  are  sometimes  built  up  into  the  regular 
meshwork  of  a  siliceous  sponge.  In  Chalk-flints  the  former 
spicular  structure  is  often  represented  by  a  red-brown  psendo- 
morph  consisting  of  hydrated  iron  oxide,  looking  at  the  first 
glance  like  a  mere  stain  running  across  the  fractured  sarfaoa 

The  cherts  of  the  Hythe  sandstones  of  Surrey  and  of  the  Upper 
Greensand  of  the  Isle  of  Wight  are  full  of  oasts  of  spicules  easily 
discernible  with  the  lens.  Many  of  the  former  include  sand- 
grains  and  glauoonite  to  an  extent  that  makes  them  referable  to 
"  sandstone  with  siliceous  cement."  In  some  cherts,  radiolaria 
are  preserved,  showing  as  minute  dull  white  or  grey  spots  on  the 
fractured  surfitce. 

We  have  already  seen,  in  discussing  limestones,  how  original 
structures,  lost  in  the  mass  of  the  rock,  may  be  preserved  in  the 
cherts,  which  thus  acquire  additional  importtuice.  The  actual 
origin  of  chert  has  been  much  discussed  ;  out  there  can  be  little 
doubt  that  its  frequent  occurrence  accounts  for  the  absence  in 
older  rocks  of  the  siliceous  skeletons  of  radiolaria,  sponges,  and 
diatoms,  such  as  abound  in  existing  waters.  The  relation  of  the 
cherts  in  any  formation  to  such  traces  of  these  organisms  as 
remain  is  a  matter  of  considerable  interest. 

The  compact  white  siliceous  rocks  of  Arkansas^  called  "  Nonk 
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calites,"  iad  used  u  whetatonoB,  majr  be  allied  to  fiint  rather 
than  to  utiidstotie.  {8«e  Butley,  Quart.  Jown.  Qed.  Soe.,  vol,  L, 
p,  377.)    Much  "  Lydian  Stone  "  or  "  Lydite  "  is  black  chert. 

U.  Microsdopio  eeotiona  show  colloid,  crTptocrystalltDe,  and 
oryitalliae  silica  often  in  the  aame  slide,  the  crossed  nicols 
proving  that  the  general  stractnre  is  chalcedonic  The  polarisa- 
tion-effeota  are  thns  speokly,  the  general  tints  of  the  field  being 
erey  during  rotation  tinleBB  macli  qnartz  has  been  developed. 
Dr.  Hinde*  has  deeoribed  globales  of  colloid  silica,  abont  '03 
mm.  in  diameter  (irhich  from  their  forms  are  not  silicified 
ooocolidu),  occarrisg  in  many  of  the  sponge-beds  that  he  has 
examined.  The  ohaloedony  also  produces  globular  aggregates, 
giving  black  croBsea  between  the  nioola  The  spioulea  of  sponges 
are  rarely  preserved  as  colloid  silica,  bat  sometimes  remain  as 
aggregates  of  the  little  globules.  Ohalcedouic  silica  partly  or 
wholly  replaces  them,  and  frequently  glanconite  fills  the  canals 
and  is  left  as  a  oast  after  tbeir  complete  removal.  Sometimes 
tlie  spicule  itself  is  replaced  by  glanconite.  Badiolaria  may  be 
present,  often  as  mere  colourless  circular  areas  of  chalcedony, 
but  showing,  in  fortunate  sections,  their  reticulated  meah,  or  an 
inner  globe  supported  within  an  outer  one. 

The  traces  of  foraminifera,  shell-fragments,  and  indeed  all  the 
itmoture  of  the  adjacent  limestone,  preserved  in  chalcedonio 
sOica,  as  may  be  seen  in  sections  of  certain  flints,  are  good 
evidence  of  ^e  aotoal  pseudomorphoais  that  has  oconrred.  Th« 
secrtioa  shonld  be  cleaned  from  balsam  tmd  treated  with  a<nd  to 
prove  that  the  walls  of  the  fonmiuifera,  dec,  have  been  truly 
replaced  by  silica. 

Similarly,  the  oolitic  struotnre  may  be  seen  in  flint,  and  must 
not  be  mistaken  for  the  outlines  of  unicellular  organisms. 

Pfaoaphatic  ConoretloiiB,  which  generally  ^pear  rich  brown  in 
•eotions,  have  been  touched  on  in  division  V  of  this  chapter. 

yill.    YBaBTABLB  DbfOSITS. 

The  common  characters  of  the  Ooala  that  serve  readily  in  their 
recognition  are  their  veiy  low  specific  gravity,  their  hardness  of 
about  2,  and  their  combustibility. 

Brown  coal  is  a  lignitic  coal,  sometimes  laminated,  of  a  warm 
brown  oolour.  It  is  sectile  and  sometimes  clayey,  fuid  does  not 
soil  the  fingers. 

Common  coal  needs  no  description  as  to  external  obaraoters.   Its 

'■'Onbedaof  sponge-reinuDain  tha  Kiath  of  Englaiid."  PhiL  ZVoo*.. 
part  ii,  ISSO,  p.  427,  aad  plate  4a 
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cpeoiGc  gravity  is  about  1  -28,  and  it  is  also  sectile.  In  some  beds 
■mall  black  or  brown  diso-like  bodies  can  be  seen  projecting  from 
the  fractured  eur&ces,  and  lying  in  the  planes  of  bedding.  These 
■re  the  oompresaed  macroaporeB  of  the  lycopodiaceons  plants  that 
flourished  in  the  Carboniferous  period,  and  appear  in  microscopio 
sections,  taken  across  the  bedding,  as  trausiiareut  orange  ellipti- 
cal Btmctures,  while  the  opaque  carbonaceous  groundmass  is  full 
of  similarly  oolonred  remnants  of  minuter  spores.  When  cut 
parallel  to  the  bedding,  the  circular  form  of  the  macrospores  is  seen. 
Anthracite  has  a  more  brilliant  lustre,  does  not  soil  the  fingers, 
is  more  brittle,  and  has  a  specific  gravity  near  1-4.  The  flame 
produced  from  it  is  very  wet^ 

To  study  the  oiganic  remains  that  have  given  rise  to  ooali,  wa 
must  examine  the  adjacent  shales  and  sandstones,  where  the 
plants  have  been  more  isolated  and  not  matted  together  into  an 
indistinguishable  mass.  Similarly  leaf-beds  are  not  the  best 
preservers  of  fossil  leaves  j  but  exquisite  examples  may  be  found 
m  the  same  series  of  deposits  by  a  search  among  the  underlying  or 
overlying  muds.  Mr.  Starkie  Gardner's  success  in  this  matter  at 
Ardtun  in  Mull  has  been  due  to  the  working  of  a  bed  resembling 
lithographic  stone,  rather  than  the  crowded  original  leaf-bed. 

Diatomaceons  deposits  are  friable  light-ooloured  masses  found 
in  some  lakes  and  also  formed,  in  less  purity,  apon  sea-floors. 
The  delicate  frnstules  of  the  diatoms,  transparent  and  without 
effect  on  polarised  light,  must  be  studied  microscopically  with 
high  powers.  The  rock,  it  may  be  noted,  does  not  efiervesoe 
with  acids.  Fossil  deposits  of  this  kind  are  rare,  through  the 
destruction  of  the  fruetules  by  solution. 

We  have  referred  on  p.  203  to  the  calcareous  deposits  farmed 
by  corallines  (nullipore- deposits},  and  on  pp.  204  and  208  to  the 
possible  direct  tiigal  origin  of  oolitic  limestone  and  siliceous 

IX.  Mixed  Goasbx  Fraoiikstal  Deposits. 

Gravels,  Pebble-Qravels,  and  Conglomerates. — The  remarks 
made  on  grits  and  sandstones  are  applicable  to  these  ooarser 
rocks.  The  sise  of  the  ooustituent  rock-fragmente  should  be 
ascertained,  as  well  as  the  degree  of  rounding.  Considerable 
variety  in  the  nature  of  the  constituents  ia  to  be  expected  in 
these  aooumnlations  in  mountain-streams  or  on  coarse  beaches, 
since  the  materials  have  travelled  a  comparatively  -short  dis- 
tance, and  the  weaker  members  have  been  often  fortunately 
preserved   from  further   trituration.      Thus   the    magnificent 
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Kagelfliih  aoonmnl&tiona  that  acoompanied  Uie  earlier  develop- 
meut  of  the  Alpine  chain  contain  a  rich  itore  of  rocks  from  the 
ridges  then  raised  above  the  sea,  some  of  the  most  interesting 
beds  being  oompoaed  of  pebbles  of  compact  g^v  limestone. 
The  red  conglomerates,  again,  that  fringe  the  E.  Devon  coast 
preserve  for  us  abundant  relics  of  the  volcanoes  that  were  bnilt 
up  around  Dartmooi-  in  earlj  Uesozoic  times,  of  whioh  in  most 
cases  only  the  deep-seated  portions  remain  in  titt*.  (Compare 
fig.  44.) 

Tlie  alteration  of  rocks  in  loose  gravels  easily  permeable  by 
water  often  makes  coUecting  unsatis&otory,  and  warns  one  that 
the  solid  old  conglomerates  may  not  always  tell  as  the  whole 
truth.  Thus  on  the  Surrey  Downs  white  soft  bodies  occur  in 
late  Tertiary  gravels ;  these  resemble  chalk  and  can  readily 
be  used  for  writing  on  a  blackboard.  But  tbey  contain  no 
appreciable  quantity  of  calcium  carbonate,  and  are  in  reality 
completely  broken  down  flint  pebbles,  rendered  opaque  white, 
like  the  surfaces  of  flints  in  chalk,  by  tiie  dissolving  away  of  a 
larae  amount  of  silica. 

The  examination  of  rook-fri^ments  in  these  coane  accumula- 
tions, in  the  hope  of  obtaininefossils,  requires  pstience,  but  is 
iu  the  end  a  fruitful  stndy.  The  flints  so  widely  scattered  in 
Britain  contain  abundant  casta  of  Cretaceous  fossOs,  thus  proving 
their  origtu ;  and  the  Silurian  forma  in  the  Triassic  pebble-beda 
of  Budleigh  Salterton  have  been  the  subject  of  memorable  in- 
vestigatiiins. 
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CHAPTER    XIX. 

lOtfBOUe  BOCKS. 


The  Btad;  of  the  igneoae  rocka  has  becomft  unfortntiatel]'  ao 
inyolved  in  the  qnestioii  of  their  notuenclatare,  that  it  is 
impossible  to  give  an  outliite  of  the  characters  employed  in  their 
discrimination  withoat  a  statement  of  the  sense  in  which  each 
]iarticular  name  is  used.  All  these  names  represent  groups  of 
rooks  gradoatinff  into  one  another,  but  certain  types  oan  be  kept 
clearly  before  the  mind.  When  a  rock  is  on  the  border-line 
between  two  groups,  whether  in  structure  or  mineral  consti- 
tution, we  must  be  content  to  say  ao,  without  attempting  to 
disguise  natural  iaote  by  our  classification.  Petrography  has  of 
late  suffered  from  the  introduotioii  of  an  abundance  of  new  terms, 
and,  what  is  far  worse,  of  old  terms  defined  in  new  senses  ;  bat 
the  majority  of  these  can  be  avoided  by  the  use  of  &miliar  adjec- 
tives or  mineral  prefixes,  to  ^e  great  lightening  of  the  science.* 

So  long  as  a  rock  ia  hoi ocrystal line,  its  position  in  any  scheme 
thao  we  may  draw  up  can  be  fairly  ascertained  from  slices 
prepared  from  various  parts  of  the  mass  ;  but  when  part  of  the 
constituents  remains  in  a  glassy  condition,  nothing  short  of  a 
chemical  analysis,  preferably  of  the  glass  apart  from  the  crystals, 
wilt  give  us  accurate  in&rmation.  When,  then,  we  apeak  of  a 
rock  rich  in  glass,  the  name  we  assign  to  it  is  of  leas  value  than 
that  given  to  one  in  which  the  glass  is  insignificant. 

Here  the  field-observer  at  once  possesses  his  great  advantage. 
He  collects  from  all  portions  of  the  mass  in  question,  notes  its 
variation  from  point  to  point,  observes  any  tendency  to  segrega- 
tion that  may  have  occurred  during  cooling,  and  reconciles  ap- 
pearances and  structures  that  would  have  seemed  contradictory  in 
isolated  specimens.     (See  Teall,  Natural  Scienee,  vol.  i.,  p.  297.) 

The  following-out  thus  of  an  igneous  rock  in  the  field  is  a  most 
important  lesson,  and  will  soon  determine  what  is  valuable  and 
what  is  valueless  in  any  proposed  scheme  of  classification.  Kext 
to  the  variations  in  the  mass  itself^  come  its  relations  to  its 
surroundings,  and  here  the  geological  agents  ooospire  again 
and  again  to  baffle  the  observer.  On  sea-coasts  the  bare 
exposures  occasionally  equal  in  clearness  the  well-known  taxU 

*Oii  the  clsuification  of  igneous  rocko,  see  A.  Horker,  Sci.  Progrtu, 
voL  iv.  (1806-6),  p.  469;  Iddings,  Joam.  ol  Gtclogy,  vol  vi.  (189S),  p.  B2) 
and  eapeoially  Lcewumoa-Lesnng,  "Stndien  flber  die  Eruptivscatetne," 
CompU  rendu,  Cougria  gtol.  tnCeniat.,  Bt.  Fetenbonrg,  1897,  pp.  163-401. 
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book  dugrams ;  bnt  on  grasay  slopes,  or  tbe  higli  talnses  above 
them,  the  junctions  of  «n  igaeoos  rock  with  other  mosaea  are 
ezoeedingly  likely  to  be  obecnred.  The  difibrenoe  of  hardnesB 
and  ooDsistency  that  oonimonty  exiata  tends,  moreoTer,  to  produce 
faulted  junctions  where  igneous  rocks  abut  on  sedimentary ; 
breooiaa  of  the  latter  or  of  both  arise,  and  the  iDtrasive  veins  or 
the  products  of  oootact-metamorphism,  which  might  have  told  so 
mnce,  are  disappoiatingly  broken  away  and  rendered  useless. 
This  perhaps  maxes  the  search  among  our  older  areas  the  more 
absorbing ;  but  unquestionably  study  should  commence  among 
Tertiary  Tolcanoes,  where  denudation  has  exposed  the  various 
maaaes  without  destroying  their  continuity  and  connexions. 

Although  the  actual  margin,  the  selvage,  of  an  igneous  rock  ia 
likely  to  be  much  deoompoaed,  yet  speoimena  should  always  be 
collected  from  it,  since  here  Uea  often  the  only  chance  of  obtain- 
ing glassy  or  putly  glassy  products.  As  we  pass  inwards,  the 
more  cryatalline  types  of  rook  are  met  with.  At  the  same  time 
the  aperafic  gravity  of  our  samples  rises ;  and  that  of  the  most 
ciyatallme  type  will  give  a  &ir  notion  of  the  silica-percentage  of 
the  mass.  Here  we  must  be  on  the  look-^ut  for  the  included 
foreign  masses  that  often  ooonr  In  orystalline  rocks.     If  such 

Satches  are  aomerous,  we  must  take  them  into  account  when 
iacuBsing  the  composition  of  the  igneoua  mass.  It  will  be 
interesting  to  toace  how  far  the  igneous  rock  has  become 
modified  oy  the  complete  absorption  of  foreign  matter  as  it 
moved  forward.  It  is  highly  probable  that  the  igneoua  rocks  of 
the  inner  layers  of  the  earth's  cmat  are  of  simpler  composition 
than  those  that  we  meet  with  in  the  outer  layers,  and  that  the 
latter  owe  many  of  their  characters  to  repeated  intermiztnre. 
Quarts-rock,  ortJiooJafie-rook,  &c.,  are  admissible  as  simple  types 
of  igneons  rock.  Iron-nickel-rook,  a  still  simpler  type,  is  already 
familiar  to  us  in  meteorites. 

Igneoua  rocks  may  be  broadly  divided  into  holocrystalline  on 
the  one  hand,  and  partly  or  wholly  glassy  types  on  the  other. 
They  cannot  be  classified  aooording  to  their  mode  of  occurrence, 
since  a  thin  dyke,  cooling  quickly  tiirough  the  contact-rocks,  may 
reproduce  all  the  features  of  a  glassy  lava-fiow^  while  the  central 
parts  of  a  thick  mass  of  lava  may  become  ultimately  holo- 
crystalline. It  may  reasonably  he  concluded,  however,  that  a 
coarsely  crystalline  specimen  has  come  from  some  source  originally 
deep-seated ;  beyond  this  the  appearance  of  Nand-specimens  may 
be  deceptive,  since  even  the  sooriaoeoua  structure,  often  insisted 
on  as  a  character  of  lava-flows,  is  again  and  ^;ain  found  in 
intrusive  sheets  or  dykes. 

Of  course  cases  must  occur  where  minute  traces  of  f^aaiT 
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uifttter  remun  'which  cau  odI;  be  detected  in  thin  Bections  ;  on 
the  other  hand,  the  compact  and  lava-like  groundmaas  of  oome 
rocka  m^  prove  to  be  completely  orystalline  under  the  mioro* 
scope.  B;  Ck>rdier's  method  of  the  examination  of  a  powdered 
rode  under  the  mioroacope,  the  intimate  Btmcture  of  the  ground- 
ntaiis  can  often  be  better  determined  than  in  a  thin  section,  the 
tranaluoent  and  smaller  fragments  being  of  oonree  selected. 

The  rooks  now  to  be  diBcossed  are  well-marked  types,  between 
which  all  manner  of  links  exist  in  nature  i  and  to  find  names  for 
such  links  is  practically  an  endless  task.  We  shall  content  onr- 
nelves  with  assigning  names  to  these  simple  types,  using  such  as 
appear  most  international,  and  quoting  synonyms  where  this 
seems  to  be  absolutely  necessary.  The  divisions  I.  and  IL  refer 
AS  before  to  megasoopio  and  miorosoopio  obaervations  respectively. 

A.  HoloorystaUlne  Books. 
L  Obakitm  ard  Eubiti  Obodf. 

These  are  the  typical  acid  holocrystalline  rooks,  there  being 
as  excess  of  silica,  which  manifests  itself  as  &ee  quartz,  thongE 
■often  on  s  miorosoopio  scale. 

anmitfl.  Structure — Granitic  Comf^imUs — 1,  Qnartz  ;  2, 
Orthoclase  or  other  potash-felspar ;  3,  Mica  or  Amphibole. 
Barely  Pyroxene.  Commonly  some  Flagioolase  (Aibite  or  Oligo- 
•clase). 

L  The  clear  glassy  granules  of  the  quartz,  devoid  of  cleavage, 
are  easily  distinguuhed ;  muscovite  may  be  present,  though 
rarer  than  dark  micas ;  the  dull  edges  of  biotite  crys^s  often 
resemble  fibrous  hornblende,  but  the  lustre  of  the  basal  planes 
will  easily  serve  to  identify  them. 

The  felspar,  on  which  the  exact  determination  of  the  rock 
'depends,  must  be  closely  scrutinised,  and  the  simple  twinning  of 
orthoclase  looked  for.  This  will  often  be  fully  apparent  on 
particular  surfaces  of  the  rock,  and  not  on  others,  owing  to  the 
position  adopted  by  the  large  and  somewhat  tabular  orystala, 
which  lie  with  their  clinopinacoida  in  planes  &irly  parallel  to  one 
another.  Any  difierenoes  between  the  porphyritio  felspars  and 
those  of  the  granitic  groundmass  must  be  noted,  flame-tests 
being  here  most  useful  Flagioolase  may  always  be  expected, 
and  the  orthoclase  may  contain  much  soda. 

Specific  Gravitjf. — Rather  above  2-06. 

Tgpkal  Analytu—JL  WsUingtoo  Inn,  Nbwtj,  Co.  Down.  Witli  ereaa 
Uioa.     Hanghtos,  QmrL  Joum.  GtoL  Soe.,  vol.  ziL  (l$S6)jji.  199. 

B.  Orudy,  Cornwall.  Light  and  dark  HioM.  J.  A.  PUlUps,  (JuarU 
Joum,  Gaol.  Soc.,  voL  iizvl.  (ISSO),  p.  8. 

C  STsne,  Egypt  With  Oligoolue,  dark  Ules,  and  some  Homblsndei, 
fieboMW,  1B6S,  qsotad  in  Both's  BtiMtgt  tw  PdnfrapUe,  ISm,  p.  xlvi. 
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n.  While  tb«  general  vp- 
pearanM  of  the  constituents 
under  the  microscope  is  irreg- 
ular and  allotriomorphic,  the 
felspars  often  preserve  their 
prismatic  forms,  and  the  mica 
and  hornblende  show  still  bet- 
ter traces  of  bounding  planes. 
The  quartz  is,  however,  granu- 
lar, and  commonly  abounds  in 
liquid  enclosures.  The  ground 
may  be  composed  of  micropeg- 
Tniiititic  quartz  and  felspar. 

Two  or  three  sections  may 
be  required  to  determine  the 
relative  proportions  of  ortho- 
clase  and  plagioclase.  A  large 
series  of  rocks  known  familiar- 
ly as  granites  must  be  passed 
over  to  the  quartz-diorites, 
having,  indeed,  out  little  potash  i 

muaoovite  is  present,  orthoclase  may  naturally  be  expected  to 
be  predominant. 

Magnetite  is  not  conspicuous.  Zircon  and  apatite  are  common, 
as  minerals  of  early  development  in  the  rock ;  the  minute  prisms 
of  zircon  are  best  seen  where  included  in  the  micas.  Sphene  and 
garnet  are  frequent  accessories.  By  alteration,  tourmaline  and 
topaz  come  in,  the  former  replacing  various  silicates,  and  the  latter 
representing  in  particular  the  felspars.  Fluor-spar  and  secondary 
quartz,  often  with  good  outlines,  accompany  these  changes. 

VaritCia*  of  Granite. — Qrakite  wriH  hdoh  flaoioolase,  and 
with  biotite  or  bombteDde.  This  is  the  "Qranitite"  of  O.  Bose; 
RosenbuBoh,  however,  uses  "granitite"  for  any  biotite-grauite. 
Sen  analysis  C. 


Pig,  24.  —  Granite.  Near  Dcblin. 
X  19.  b.  Dork  Mica,  with  deep 
brown  p&tohM  indnded.  nt, 
Hiuoovit«.  Near  tbe  top  of  tbe 
field  a  heiagoual  (basal)  sec- 
tion oconis.  D,  Orthoclaae.  q, 
Qoortz. 

1  their  compositioo.    Where 
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Toubiiaiinx-Oraiiite.  —  The  Bmallar  cxtiutitneiits  becoma- 
entirely  replaced  hy  tounnalme,  blue  or  bronn  in  section,  and 
bjr  secondary  quartz,  the  porpbyritic  felspars  often  remaining  only 
■Ughtly  attacked.  "  Luznllianite  "  is  one  rariety  of  such  aJterea 
granites,  and  common  quartz-schorl-TOck  is  a  final  stage. 

Obeisek  ia  a  somewhat  uncommon  ally  of  granite,  in  which 
felspar  ia  abeeot.  Topaz,  however,  abotmds  in  the  typical  rock 
from  Zinnwald,  Saxony,  and  probably  represents  altered  alum* 
inous  silicates.  The  other  constituents  are  quartz  and  a  pale- 
mica,  often  a  litfaia-bearing  species. 

Aplitb  (Retz ;  more  correctly  Haflitb  ;  Ai.askitk  of  Spun-, 
SOth  Ann.  Rep.  U.S.  Swvey,  p.  189).— Practical !y  composed  of 
quartz  and  orthoclase  only.  Commonly  pale  in  colour  and  fine- 
grained ;  often  micropegmatitic.  Flakes  of  muscovite  glimmer 
here  and  there.  Occurs  often  as  veins  in  granite,  and  even  forma 
considerable  rock-maases.    The  silica  rises  to  at  least  76  per  cenL 

Graphic  Obaititb  (Feohatite  of  Haiiy*). — The  later  and  er- 
roneous extension  of  Haiiy'a  term  to  any  coarse  muscovite-granite 
occurring  in  veins  necessitates  a  return  to  the  descriptive  iiam» 
"graphic  granite."  I.  The 
rock  is  commonly  a  coarse 
apUte,  mica  occurring  here 
and  there  in  nests  and 
bunches,  being  excluded 
from  the  parts  that  exhibit 
the  typi<»l  atruoture.  To 
the  eye  the  continuous 
cleavages  of  the  felspar  are 
easily  apparent,  the  quartz 
being  apparently  in  de- 
tached fragmente,  resem- 
bling eastern  characters, 
embedded  in  the  opaquer  fel- 
spar (in;  ^/tarcc).  Sometimes 
band-specimens  of  the  rock 

cleave  as  if  composed  mere-     Fig.  20.— a,  Orapbio  Oraoite.    Vdn  in> 
ly  of  coarsely  developed  fel-  Stanner  Roct,  Herefordshire,     x  8. 

spar.    The  lens  often  shows  ^.'"^''^i    CleAr  qMrt^mipro- 

^„. ,-         ,        .  oline  with  ohirsoterubc   twinning. 

a  niiorcwhne  structure.  6_    Mioropegmatitio   intorgrow^^ 

n.  The  felspar  IS  uBuatiy  qnartzandfaUpfLr.inEiirite.   Stumer 

microcline,     showing     the  nock,  Herefordihire.    x  160,    NicoU 

CK«a-twinning  (fig.  25,  a):  5*^-    The  fal™r  is  in  »  pwitioa 

tte     section     ^ould     be  tiKo  «««  and  felq>ar  etystSi  li» 

tbuuy  ground.    The  quartz  aromid. 

*  TraiU  tU  Miatraiogie,  2nde  £di(.,  torn. 
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between  croBsed  nioola  appears  optio^j  contdouoajB  over  con- 
siderable areaa,  beinff  in  fact  intergrown  in  large  oiystaU  with 
the  felspar.  The  hook-like  fonas  of  the  quartz  oome  out 
distinctly  if  the  inrroimding  feUpar  is  placed  in  a  position  of 
'extinction, 

Obbioulaa  Grattitk. — A  rare  form,  in  whicJi  the  minerals 
are  grouped  into  bold  ot7Stalli&e  spheroidal  aggregates,  usually 
-coated  outwardly  with  dark  mica,*  The  relations  of  the  spher- 
oidal part  to  the  mass  of  the  granite,  and  any  &ots  bearing  on 
the  origin  of  the  stmctuie,  should  be  caref^y  noted  in  the 
£eld. 

Eniite. — This  name,  given  by  d'Auboiason  f  in  1819,  seems  to 
cover  admirably  by  its  original  definition  tJie  fine-grained  and 
-compact  forms  of  granite,  known  commonly  in  England  as 
"  Quarts-Felsite "  and  on  the  Continent  -as  "  Alicrogranulite,' 
"  Quarts-Porphyry,"  4c.  The  old  "  petrosilez  "  and  most  of  the 
"compact  felspars"  and  "homstones"  must  come  under  enrite; 
.alio  the  Cornish  "elvans"  or  "elvanites."  "Felaite"  is  so 
loosely  defined  by  its  originator,  and  is  so  differently  used  by 
different  writers,  that  its  reputation  as  a  rock-name  is  lost. 

It  must  be  remembered  that  the  "  quartz-porphyries  "  of  the 
Continent  are  in  \aige  part  altered  rhyolitee;  those  divisions 
-described  by  Bose&busch  as  " miorogranites"  and  '■granophyres" 
-oorrespond,  however,  to  enrite. 

Struetare. — Essentially  compact  in  appearance,  and  micro- 
granitic  with  the  lens.  Commonly  with  pori^yritic  orthodase 
and  quartz.     Gongtitu«ni» — Like  granite. 

I.  Colour  pale  as  a  rule,  but  occasionally  deep  grey  or  red- 
brown.  Commonly  yellowish  or  pinkish-brown,  or  pale  grey. 
The  knife  scratchea  fresh  specimens  with  difficulty,  and  the  most 
compact  varieties  resemble  flint  The  joints  are  clean,  and  the 
sur&ces  often  have  hard  white  deoompoeition-crusts.  Without 
the  microscope  it  is  impossible  to  separate  hand-specimens  of 
true  eurites  trom  acid  lavas  that  have  become  holocrystalline  by 
secondary  devitrification. 

The  porphyritio  quartz  that  is  so  often  seen  is  a  good  guide  as 
to  the  highly  siliceous  character  of  the  rook.  It  sometimes 
occurs  in  well-bounded  double  pyramids  with  a  short  prism,  as 
in  the  rook  of  Aneisberg  in  the  Harz.  Tourmaline  appears 
sometimes  in  radial  nests  as  a  secondary  product 

*  For  an  Meount  of  one  of  theM  rook*  SM  F.  H.  Hatch,  ■■  On  tbe  sphendd- 
boariiig  gnnite  of  UolU^idarg,"  QvarL  Jovrn,  (JteL  iSoe^  v<^  xUv.  (18^ 
f.64S. 

t  TraiU  de  Otoffiuute,  toniB  IL,  p.  117. 
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Specific  Gravity. — About  2'6d. 

Typical  Anaij/set. — Theoretically,  every  gnuiite  shonld  h»T» 
its  correspondiog  enrite.  Tbe  proportion  of  soda  often  liii^» 
tliese  rocks  with  the  quartE^phanites. 

A.  Fine-gniiwd  "ElTan."  MallMMar,  ConiTall.  J.  A.  Phillip*,  Quart.- 
JoMrn.  OttZaot.,  TOl.  zxxL  (1675),  p.  33fi.     Mioa. 

B.  Moanm,  TrroL  Scbsonr,  qnotod  by  Both,  Btitrilgt  iw  PttrograjAit,. 
1869,  p.  IL 

C.  Soda-Enrita.  UyU'V-Ctadar,  Cadar  Idri*.  Hollsod,  QwKrt.  Journ^ 
Otd.  Boc,  18S0,  p.  48^ 
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n.  The  gnrandmau  is  micrc^^nuutic  and  often  micropeg- 
matitic.  The  qnartz  and  felspar  are  not  nsfreqoently  grouped 
in  micropegmatitic  intergroirthB  of  sphemlitio  form  around  the 
porphyritic  crystals  ("  granophyre"  of  Bosenbuaoh) — fig,  25,  b. 
Alt  Btagea  appear  to  exist  between  these  aggregations  and 
sphemlites  with  raya  oompoaed  of  orystalline  fibres.  Soni» 
typea  of  altered  apherulites  in  devitrified  lavas  are,  again,  in- 
distingaishable  &om  these  holoorystalllae  ^gr^ates  in  th» 
oompacter  eurites ;  but,  as  a  rule,  the  structures  are  distinct. 
Oarefat  observation  will  show  that  where  Buoh  an  aggregate- 
growth  occurs  ronud  a  quartz  crystal,  the  qnartz  of  the  micro- 
pegmatite  is  in  optical  continuity  with  that  of  the  crystal 

The  porphyritic  crystals  are  often  well  bounded.  The  qnartz. 
thus  shows  pyramidal  seotions,  and  is  less  corroded  than  in  the 
rhyolitea.  Cracking  and  breaking  of  the  porphyritic  crystiila 
are,  however,  common,  since  raudi  movement  may  have  taken 
place  in  the  gronndinasa.  A  fluidal  atructnre  is  occasionally 
set  np. 

The  ferro-magneaian  constituent  is  commonly  biotite,  often 
giving  wisp-like  yellowish  sections.  It  is  of  little  promiiienc» 
compared  with  the  quartz  and  orthoclase.     Masoovite  oooon  in 


223  BOLOOBTSTALLIHE  IQHIODB  BOOU. 

many   Oomish   'elvans,"  and  formi   at  times  littie  &n-1ika 

VarietiM  of  Swrite. — Eukite  bicr  in  Soda  (Soda-Eubitb). 
This  includes  very  many  of  the  mioropegmatttio  types  above 
referred  to  ;  many  of  the  porphyritic  felspars  are  albite  or  oligo- 
«la»e,  and  the  rock  is  lii^ed  thus  with  the  qnartz-aphonites. 
Kosenbueoh's  "QnartE-Keratophyres"  come  here.   See  analysis  C. 

IL  Stihiti  ahd  Oohpaoe  Stbititb  Qboup. 

^e  complete  or  almost  complete  absence  of  free  quarts,  and 
the  predominance  of  orthoclaae,  are  the  diitinotire  characten  of 
this  group. 

Byonite  (Wemer).  — 5Kri*rtu«  — Granitia  Coruiilumtt  —  l, 
Orthoclaie,  or  other  potash  felspar;  2,  Amphibole,  Pyroxene 
(usualiy  ngirine),  or  Mio&  Commonly  some  quarts;  also  albite 
or  oligoclase. 

I.  This  rook  is  rare  as  compared  with  granite  and  quarte- 
diorite,  and  it  must  often  be  a  matter  of  opinion  as  to  how  much 
quarts  is  permissible  in  a  true  syenite.  With  the  older  writers 
toe  term  was  synoaymoua  with  hornblende-granite. 

The  Mioa-Syenites  (or  "  Minettes  ")  oontain  biotite,  often  in 
abundance,  and  the  duk  lustrous  plates  conceal  the  felspar  in 
the  fine-grained  varieties,  so  that  the  flame-test  or  the  microscope 
must  be  brought  to  bear  to  distinguish  the  rock  from  mica-diorite. 

Sphene  may  often  be  reoognised,  occurring  as  smalt  hard 
yellow  orystals. 

Specyte  Graviiy. — About  2-76  or  somewhat  higher. 

7'ypi«al  Analymt. — A.  FUneutaher  Orond,  Dr*ad«ii.  ZIrkel,  Poggtnd, 
AfniU*,  1864,  [>.  0^     TyiooKl  rook  of  Weniar.     Hornblendo. 

B.  8M1«  Stim,  Han.  Faoba,  Seua  JiArhueh  /Hr  Min.,  1S62,  p.  SIS. 
Hiioh  Homblenda  (two-thirdi  of  the  rock). 

C.  BlKoUte-Syenite,  Ldtcbfield,  Maine.  Bu^  U.S.  Gtoi.  Sun.,  No.  118, 
p.  6S.    With  mica  and  Mdalite. 

A.  B.  C. 

sia 

ALO. 

F«0 

UnO 

CaO 

MgO     , 

K,0 

Na,0     . 

Loss  oo  ignittoo 


5SS3 

«-3a 

6039 

l«-86 

ao-06 

23  57 
0-42 

7-01 

7-i6 

2-26 
0-08 

4-43 

7-22 

093 

2-61 

4  12 

0-13 

6-67 

1-70 

4-77 

2-44 

2-74 

8-44 

1-29 

0-82 

087 

CJoogIc 


BOLOOBTnAIXnlB  lOITIOTIS  BOOKS.  223 

U  SimilAT  to  granite,  but  the  quartz  must  be  insignifioant  or 
Absent.    la  aoine  cases  cniceB  of  pvroxene  remain,  the  nomblende 
having    arisen    by 
n  par&morphic  ohange ; 

these  residoat  oryatala 
appear  B.a  pale  aad 
luoall;  greeniBh  areas 
aorrotinaed  by  irregu- 
lar Eones  (yf  horn- 
_  blende.      Kocks  oon- 

n  I      sisting     entirely     of 

aagite  and  orthocloae, 
Plough  certainly  rare, 
miut    be    classed    as 
^      Angite^Syenite,     and 
Bach  masses  probably 
underlie     many    tra- 
chytic  volcanic  areas, 
b^g     altered     into 
ordinary  homblendia 
types  by  the  time  that 
Pig.  2«L-8y«it«.    PU™Mcl«rGnuid,D«.-    j^ey  are  exposed  by 
dsD.      x8.    A, Green bombloDde.   o, OrtboolMe,     „_:i,  „„„„„™*    _„j 
tiiriy  prismatic  in  habit    q,  Aooieo^^^t^     ^rth-movement    and 
■titul  qnirtK.     «p,  Spheno,  nurked  ont  bj  ita     denudation, 
liigh    re&Mitlve    indai    and     loEenge  -  ihaped  Zircon  and  sphene 

•*«*•**•■  are  particularly  oom- 

mon  in  syenites. 
Farietieto/SyeniU. — N'KPHKLiiii-STEitiTE(EL£OLiTE-STEinTE). 
L  The  nepheline,  in  the  coarse  eUeolite  form,  resembles 
brownish  or  greeniBh  quartz,  bnt  may  be  distinguished  by  the 
knife.  The  varieties  wi^  hornblende  have  been  called  "  Foyaite" 
from  Foya  in  Algarve,  and  those  with  mica  "  Miaacite "  from 
Miask  in  the  Urals;  bnt  the  well-knovn  examples  from  the 
Bamle  area  are  rich  in  soda-pyroxene.  Zircon  is  common,  and 
forms  large  yellov  crystals  in  uie  coarse  biotite-nepheline-syenite 
«f  Miask. 

A  type  allied  to  these  rocks,  but  of  distinctly  boeio  character, 
has  been  described  by  Fn>£  Laweon  as  "  Malignite  "  (^BvU.  Geol., 
Univ.  of  Caii/omia,  vol.  i^  p.  337) ;  it  consists  of  nepheline,  soda- 
pyroxene,  and  apatite,  with  orthoolase  enclosing  them  ophitically. 
Lawson  regards  this  rock  as  the  plutonio  representative  of 
the  lencititee  of  YeBnvina;  in  both  the  silica  ii  about  48 
per  cent. 
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IL  Some  praotioe,  And  the  observatiou  of  the  annzial  figure 
with  oonvergent  light,  is  needed  to  detect  the  irregnlar  gniiu  of 
nepheline  (elnolite)  in  these  gruiitic  rocks.  The  felspars  often 
show  ft  miorocline  atmcture,  and  ore  sodic  tjpes.  Flagioclase  is 
oommon.  The  ferro-magnesiAn  silicates  are  tntereeting,  being, 
in  addition  to  biotite,  sodic  forms  of  amphibole  and  pyroxene, 
the  former  being  a  rich  dark  brown  colour  and  highly  pleochroic, 
while  the  latter,  diBtingoished  by  its  cleavages,  is  oommonly 
■trongly  green  and  less  pleochroio.  It  is  probable,  however,  that 
pure  arfvedsonite  and  ngirine  are  not  frequent  even  in  these 
soda-syenites.  In  the  nepheline-ayenite  of  Ditrd  in  Tran- 
sylvania ("Ditroite")  blue  eodalite  ooonrs,  which  is  colourles» 
in  section.     Qrannlar  scapolite  mav  also  occur. 

Compact  Syenlta. — ^We  may  use  this  name  for  the  Gne-grained 
types  corresponding  to  enrit^  in  the  absence  of  any  well<defined 
term.  The  "  Orthophyre  "  of  Ooquand*  comes  partly  here,  partly 
with  enrite;  also  many  "  felsites."  "  Orthoclase-porphyTy  "  has- 
been  nsed  for  porphyritio  forms. 

Struetwv.  —  MioR^^nuiitic  or  miorocryatalline.  Sometimea 
with  porphyritio  orthoolase.     CotutiiaenU — Like  syenite. 

L  These  rocks  are  difficult  to  diatingniab  firom  eurite  with  the 
eye,  thoagh  more  yielding  to  the  rnife,  Oolonr  commonly 
reddish  or  pinkish  in  the  varieties  rich  in  felspar.  Alany  "  Mica- 
traps  "  come  here,  which  are  dark  with  lostrous  mica ;  these  are 
the  compocter  "  Uinettes,"  and  they  pass  into  a  group  too  poor 
in  silica  to  be  included  under  Syenite.  This  outlying  group, 
with  many  of  Bosenbusch's  "Yogesites"  (see  below),  comes 
under  the  "Lampropfayres"  of  that  author. 

SjMO^  Oraviti/.—^-7,  bttt  higher  in  the  vuieties  lioh  in  biotit«, 
and  ftpproaolung  2-6. 

IL  Quartz  must  be  oarefnlly  sought  for  and  fbnnd  praotioally 
wanting.  The  alteration  of  the  felspars  in  many  examples,  such 
as  the  compact  mica-syenites,  makes  even  microscopic  detei^ 
mination  difficult ;  but  the  Same  test  will  givit  an  idea  of  the 
amount  of  potash  present. 

The  absence  of  free  silica  prevents  the  development  of  micro- 
pegmatitic  and  the  so-called  "granophyrio"  structures,  such  aa 
are  common  in  the  eurites. 

The  porphyritio  orthoclase  crystals,  whiok  are  oharaoteristic, 
often  preserve  their  outlines  well 

Vairittia  of  Compact  Syenite. — Bosenbnsch  terms  the  vftrietioa 
rich  in  soda  "Keratophyre."  Those  with  hornblende  or  pyn>xen» 
■  TraiU  df  Roehtt,  ISS7,  p.  6tt 
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form  hJB  "VogBsite."  Tarietwa  with  nepheline,  intormediate 
l*atween  nepheline-ayenite  and  phonolite,  hare  been  obserred. 
The  nepheline  in  a  rod  rook  from  the  V&l  Fienim«  near  Predazio 
is  porphjritic,  and,  though  altered,  shows  its  oharacteristio 
ontlinea. 


III.   QuARTZ-DlORITX  AND   QUARTZ-APHAJriTR  QsOUP. 

In  this  group  of  very  common  rooks  there  is  free  siliaa  in 
the  form  <^  qnartE ;  but  the  &oE  that  the  felspar  ia  oligoolaae 
or  oven  labradorite  keeps  the  total  eilicarperceutage  below  that 
of  the  grftoites.  They  come  thus  at  the  head  of  Prof.  Jndd's 
fnterTnediate  Igtieotu  Roekt. 

Qoartz-Diorite.— ^frueton — Oranitic.  CorutUumU — 1,  Quarts; 
3,  Flagioclose ;  3,  Amphibole,  Pyroxene,  or  Mica. 

L  Aa  immense  naaber  of  the  "  granites  "  of  commerce  come 
under  this  head.  The  striation  of  the  plagioolase  and  the 
absence  of  the  twinning  of  orthoclase  are  noticeable  with  the 
lens.  Otherwise  these  rocks  resemble  granite.  The  colour  is 
generally  grey,  but  red  felspart  may  oocnr.  The  remarks  made 
on  the  mica-syenites  apply  equally  to  the  fine-grained  Hics- 
I>ioritea,  which  mostly  contAin  quartz.  Dsrk-coloared  quarts- 
mica-diorites  from  the  neighbourhood  of  Brest  have  been  named 
"  Eersanton,"  after  a  village  so-called,  and  Delesse  employed 
"  Ket«antite "  for  varietiei  with  amphibole  or  pyroxene  in 
«4lditioa  to  mica,  the  types  oconrriiu|  in  the  Vosges. 

"Tonalite"  (vom  Bath,  after  Monte  Tonale  in  Western 
!^Tol)  Lb  a  quartz-biotite-diorite  in  which  the  minerals  are  well 
developed,  the  white  felspar  contrasting  boldly  with  the  dark 
bronze^coloured  mica. 

There  is  no  doubt  that  masses  of  quartz-diorite  arise  as 
products  of  admixture  where  granite  intrudes  into  more  basitr 
masses.  Any  pyroxene  in  the  latter  is  then  liable  to  recrystal- 
liae  in  t^e  new  joint  nxA  as  hornblende. 

8j)€i^  Oramiy. — Approaching  2'8B  or  even  2-9. 

Typical  Analytet, — The  silica-percentage  has  been  commented 
on  above,  these  rocks  falling  short  of  the  typical  "  acid  "  group. 

A.  "Tonabte,"  Adamello  Raii«e,  TyroL  Vom  Rath,  ZeUtA.  d.  eUvUck. 
GtcL  OatU.,  IStii,  p.  2S7.     Much  Qnnrtt.     Both  Hombleade  imd  Biotite. 

B.  Qnuis'pTroieiie-Diarite,  VildulJul,  T;rroL  Teller  i,  von  John, 
JuM.  d.  OeoL  BtkluaiulaU,  1883,  p.  B89.     S^tatite  and  Angite. 
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II.  The  mioroscopic  featnrea  of  granite  reoar  here,  with 
plagioclose  (oommoalj'  oligoolase)  tn  place  of  orthoclase.  The 
greater  number  of  Bo-oalled  "  homblende-graniteB "  must  be 
placed  as  quartz-homblende-diorite  when  Tiewed  in  section. 
Where  the  hornblende  can  be  shown  to  have  ariaen  from 
pyroxene,  the  rocks  are  sometimeB  classed  as  "Epidiorite,"  and 
io  these  oases  the  quartz  is  very  likely  of  secondary  origin.  The 
fibrous  irregular  nature  of  the  secondary  amphibole  will  often 
distinguish  epidiorite  from  true  quartz-diorite. 

The  typical  "  epidioritea "  snow  a  sobiBtoae  structure  in 
section  ]  the  felspar  is  granular ;  the  hornblende  is  sometimes 
fibrous  and  actinolitic,  sometimes  also  granular.  Residual 
pyroxene  of  paler  colour  may  occur. 

Though  pale  augite  may  be  expected  in  quartt-diorite,  in 
marked  contrast  to  the  richly  coloured  amphiboles  and  micas, 
yet  rhombic  pyroxene  is  rare. 

Sphene  and  apatite  are  common;  and  mi^netite  and  titanio 
iron  assume  importanoe  as  the  proportion  of  silica  diminishes. 

Quartz -Aphanlte. — This  series  includes  almost  all  the  compact 
homblende-diorites  or  Aphanites  of  Hatty.     See  Aphanite. 

Stmcturt. — Microgranitic  or  microorystalline,  the  felspars 
being  occasionally  rod-shaped  and  the  atrnctore  approaching 
that  of  dolerita     Comtitumtt — Like  quarts-diorite. 

L  The  quarts  may  be  barely  visible,  though  widely  dissemin* 
ated.  Dark  green  fibrous  hornblende,  or  abundant  fiakes  of 
mica,  may  render  the  rock  almost  black,  and  in  the  hand  it  may 
wi^  &imeas  be  mistaken  for  dolerite.  Many  quartfr«phanitea 
are,  indeed,  altered  dolerites,  and  would  be  styled  by  variouB 
authors  "  fine-grained  epidiorites  "  or  "  qnarta-hombleiide-dia- 
bases."  The  mioaceoua  varieties  iooliide  many  fin&grained 
"  kersautites." 

Spte^  dVomty.— About  2-8fi. 

lL    Flagiodase    and    quartz,    the    important    distinguishing 
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miuereU,  must  be  looked  for.  They  maj  be  found  ia  mioro- 
pegmatitic  intergroirthB,  sometimei  globular,  jm  m  the  euritea. 
Some  of  the  rocka  atyled  "granophyre"  mnst  oome  over  to  this 
diTiaion.     Ia  the  more  basic  types  pyroxene  is  oommon. 

It  ia  impossible  to  make  any  microsoopic  distinction  between 
the  quartz-aphanites  and  many  "  fino'graiiied  quartz-diabsses." 
The  quartz  in  the  latter,  hoverer,  is  sometimes  clearly  secondary, 
ooenrring  in  strings  and  veinoles. 

IT.  DioBiTB  Axo  Aphasitb  Obodp. 

The  snppofled  importance  of  distinguishing  rooks  oontaining 
amphibole  from  those  containing  pyroxene  led  to  a  double 
nomenclature  in  this  group ;  but  the  corresponding  lavas,  the 
audesites,  were  fbr  the  most  part  investigated  at  a  later  period, 
and  were  arranged  under  one  common  name.  The  pyroxenic 
"gabbros"  and  "doleritee"  pass,  again  and  again,  into  amphibolic 
"dioritea"  and  "aphanites"  by  paramorphio  changes,  and  theee 
types  cannot  be  legitimately  divided,  lite  limits  of  the  group, 
however,  mnst,  as  in  other  cases,  be  chemical  rather  than  purely 
mineralogies],  and  many  "  hornblende-gabbroa  "  without  olivine 
may  have  only  46  per  cent  of  silica,  and  are  more  basic  than 
Bome  members  of  the  "  olivine-gabbro "  group  (see  Brogger, 
Getteine  der  Ororudii-Serie,  1894,  p.  93). 

Diorite  {Eatly,*  quoted  by  d'Aubnisaon  in  1819,  from  iiefl^a, 
"I  distinguish,  indicating  the  distinctness  of  the  typical  minen^, 
hornblende  and  felspar),  Oabbro  in  part.  Stmetiui — Qranitic  to 
ophitic.  Coiutilttonta — 1.  Flagioclase  (commonly  Oligoclase  or 
Labradorite) ;  2,  Amphibole,  ^roxene,  or  Mioa. 

L  Quartz  must  be  practically  absent.  Hornblende  and  biotite 
will  commonly  be  foond  side  by  aide;  some  quartxless  "ker- 
santites"  come  here.  The  Gabbros  (Pyroxene-Diorites)  contain 
augite  or  diallage,  and  sometimea  enstatite  ("  Norites  "),  these 
minerals  often  enclosing  the  prismatic  felspara  ophitically.  The 
rY>ck  called  "Gabbro"  (von  Bueh)  or  "Euphotide"  (HoUy)  con- 
siats  typically  of  diallage  and  plagioolase,  and  may  be  regarded 
as  fallmg  in  this  group  when/t  oont*ina  60  per  cent,  of  sflioa  or 
more.  The  olivine  which  usu^ty  marks  the  banc  varieties  ia 
often  difficult  to  recognise  in  the  field. 

The  lime-soda  felspars  of  the  pyroxen»diorites  (gabbros)  easily 
become  opaque  and  dull,  passing  into  the  sausauritic  condition. 
Amphibole  developes  in  the  diallage,  which  often  become*  green, 
a  colour  very  noticeable  in  the  "  Terde  di  Corsica,"  a  gabbro 
*  TraUt  dt  Jfm.,  2.  id.  (1S22),  tome  iv.,  p.  64a  The  rook  was  dUtio- 
gaiihed  from  ^enite  by  Hafly  obIj  by  its  snuller  proportion  of  "felspar." 
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med  for  omamental  purposes.  Besides  passing  into  dlallage,  tiie 
augite  sometimes  developea  the  three  series  of  Bohiller- planes 
that  produce  the  dark  Instrous  "pseudo-hypersthene"  variety. 
This  was  naturally  often  described  as  hyperschene  by  the  older 
writers,  so  that  the  rocks  called  "  Hypersthenic  "  must  now  be 
accepted  with  the  utmost  c&ntion  aud  submitted  to  microscopic 
teats.  A  pyroxene- diorite  passing  into  the  "epidiorite"  state 
commonly  shows  patches  of  grey-green  silky  matter,  due  to  the 
actinolitic  amphibole. 

Speoifie  OraoUy.— From  about  2-86  to  3-0. 

Typiad  AruUyaa. — A.  Homblende-Diorite.     Roestnppe,  Hms.     Fuohs, 
JTuBw  Jahri.  fir  Mm.,  1862,  p.  812. 

B-  Hombleade-Augite-Dionte.   Near  luchnaduopf,  Sutherland.    Teoll, 
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H.  Uany  hornblende-  and  mica-diorites,  when  submitted  to  the 
microscope,  hare  to  be  handed  over  to  the  quartz-diorite  group. 
The  conditions  that  produce  hornblende  and  quartz  are  to  some 
extent  siniilaT,  since  neither  mineral  results  experimentally 
from  mere  dry  fusion.  On  the  other  hand,  the  pyroxene- diorites 
are  found  &ee  from  quarts,  and  give  rise  to  true  diorites  by 
param Orphic  change. 

In  the  PyroxenO'Diorites  (Gabbros)  the  plagioolase  is  oligo- 
class  or  labradorite,  frequently  the  latter.  The  saussuritio 
products  within  the  felspars  occasionally  make  the  sections  dull 
and  nearly  opaque.  The  passage  from  augite  to  diallage  may 
be  noted,  and  amphibole  appears  on  the  edges  of  the  altering 
pyroxenes,  or  sporadically  within  them.  A  good  deal  of  chlorite 
occurs  between  the  coostituents ;  this  arises  from  the  alteration 
of  the  fbrro-magnesian  minerala. 
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Magnetite  and  titanic  iron  ore  ore  prominently  seen.  Epidote 
is  a  common  alteration-product  in  the  diorites,  owing  to  the  large 
proportion  of  lime  present  (compare  fig.  29). 

Among  the  pjrozene-dioritea  the  otitic  structure  is  common. 
The  felspar  is  well  bounded  and  lies  at  random  in  the  field,  and 
Che  pyroxene  has  settled  down  round  it,  filling  up  the  interstices, 
and  forming  crystals  of  considerable  size.  Thus  the  pyroxene 
areas  will  be  found  between  crossed  nicols  to  be  optically  con- 
tinuous over  a  large  portion  of  the  section,  and  the  consistent 
direction  of  their  cleayages  will  point  to  the  same  conclusion. 
Though  often  called  "  ophitic  plates,"  it  most  be  remembered 
that  such  developnienta  of  pyroxene  occur  in  three  dimensions 
and  are  not  limited  by  the  thickness  of  the  slide. 

Variaiet  ofDionU. — Nephblihs-Diorite  (Elsolitb-Diorite; 
"  Theralite"  of  Bosenbusch).     A  rare  rock  corresponding  to  the 


Pi^;.  27.— Altered  PjiroreDe-HIca-EKor-   Fig.    28.  —  GrsnuUr       Pyroiono- 
ite.    Sttumer  Book,  Herefordshire.  Biorite.    Near  Huntly,  Ab«r- 

X  12.     ap,  Heiagonal  and  other  deea.      x  36.     h,  Biotita.      g, 

•eationB  of  apatite  included  in  the  Garnet,  noticeable  by  ita  hi^h 

other  minerali.      h,   Biotite.      h,  refractive    index.     j>,    Plaeio. 

Green  fibronn  hornblende,  occaaioa-  olaae    in    irregnlar    ^r» 

ally  in  well  marked  cry»t«la,  de-  ■ — •-'■.-"..— ' —- 

Teloping  at  the  expense  of  augite. 
mo.  Magnetite,  p,  Plagioclaae 
much  altered.  Id  the  centre  of 
the  field  U  a  pale  orystal  of  original 
anglte,  with  teotansnlar  cleavi^- 


Depheline-syenites ;  the  deep-seated  representative  of  the  nephe- 
Ime-andesitea  or  "  tephritea." 

Granular  Diobitb. — A  number  of  "epidiorites    are  granulai', 
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as  described  under  quutz-diorite ;  the  felspar  in  these  fbrmB  & 
moBBio,  and  is  often  &  product  of  reciystallisatioa.  In  addition, 
there  sre  eome  remarkable  p^roxenehdiontes  in  which  the  min- 
erals ftre  of  granular  form  and  unoBnally  dear  and  frosh  in 
aeations.  The  minerals  are,  perhaps,  all  of  secondary  origin, 
when  these  rocks  are  associated,  as  thef  often  are,  with  schiatt. 

The  minerals  are  oommonlj  plagioclase,  green  monoclinic  py- 
roxene, hypersthene  or  aniblystegite,  magnetite,  and  often  gamete 
The  last-named  must  be  distinguished  by  its  isotropism  from  the 
hyperstheue,  the  pink  colour  being  the  same  in  many  sections. 
In  the  "  Trap-Orannlites,"  whicb  seem  to  be  similar  rocks,  the 
garnet  may  uipeor  in  rays  spreading  around  granular  garnets. 

AphanitA  (JiaUy,*  1832,  from  Atpatl^tfuu,  "I  disappear,"  indi- 
cating the  indistinctness  of  the  conitituents  in  opposition  to 
tboM  of  the  coarse-grained  dioritee).  Dolerlte  (ffaO^,  f  1622, 
&om  ittafSf,  "  deceitful ")  in  part. 

This  group  includes  many  "  Porphyrites,"  and  the  qnartiless 
plagioclastio  members  of  the  "  Laoiprophyres  "  of  Rosenbusoh. 
Strveture — Microgranitic  and  microcrystaUine.  At  times  ophitio 
(manydolerites).     Conttitugnit — Like  diorite. 

I.  Hovnblenae  fibres  may  be  seen  ocossionally  with  the  lens, 
as  may  the  glancing  surfaces  of  ophitic  augite  in  the  pyrozene- 
aphaniteB  or  dolerites.  These  pyrozenic  rocks  have  rod-shaped 
felspars,  and  are  typically  dark-coloured  and  almost  black. 
Homblende-aphanites  are  often  grey-green,  with  a  slightly  silky 
lustre. 

When  altered,  as  they  frequently  are,  the  aphanites  are  easily 
Boratohed  with  the  knife,  and  are  quite  distinct  from  the  corre- 
B]'onding  types  in  the  mure  acid  gron])s.  "  Diabase"  is  a  good 
field-term  for  altered  greenish  rocks  allied  to  diorite,  gabbro, 
aphanite,  or  dole  rite.  Hausmann  I  in  1842  defined  it  as  a  rook 
of  any  grain  containing  "hypersthene"  (i.a,  lustrous  augite), 
labradorite,  and  chlorite.  The  term  has  sinoe  been  unduly 
limited. 

The  ophitic  types  show  a  small  nodular  structure  on  weather- 
ing, due  to  the  tliick  crystals  of  pyroxene  coming  into  prominence 
and  preserTing  the  felspars  included  by  them,  while  the  inter- 
stitial material  is  more  easily  destroyed 

In  these  altered  types,  calcite  can  often  be  detected  with  the 
eye,  and  frsgtnenta  of  the  reck  commonly  effervesce  in  acid. 

*  TraiU  dt  Km.,  2nde.  Mit.,  t.  iv.,  p.  IMS.     Quoted,  with  "  Diorite," 
bv  d'AubnisBon  in  1819  iOiogiio»k,  p.  148). 
fibid.,  p.  673. 
t "  Ueber  die  BildnDg  das  Hangebirges."    GOttingen. 
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^te^  Graoity.—AiMJit  2-86  to  2'96. 

Typieai  Anaiytt. — A.  Dolerite  withoat  OlivinB.    "  Whin-Sill,"  Durhun. 
T«UI,  Quatrt.  Joiim.  0*oi.  Soe.,  vol.  zl.  (1884),  p.  6M. 

B.  FiQe-Enuiied"Di&bue"(»ltereduidcblanticDolerit«).    NearWieda, 
Ban.  Sahifling,  DU  OranMtin-gmaanlt  OaUint  da  SUdhaTza,  1869,  p.  26. 

C.  Hombla&de-Mio-Aph&nite    (kltored).      Oill    Baok,    near   Stavel«y. 
Honghton,  Quart.  Joym.  Qeci.  Soe.,  1879,  p.  170. 
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n.  The  pUgiocUseo,  nsn&Ily  l&bradorite  or  bytownite,  are  rod- 
shaped,  asd  the  hornblendes  are  oommonly  also  in  prismatic 
forms.  ThepyroxeneBghoweTer, 
form  typically  (as  in  the  olivine- 
dolerites)  areas  of  almost  gran- 
idar  crystal  occnpyiog  the 
interatices  of  the  feUpar  mesh, 
or  opbitic  crystals  enclosing 
the  felspars  (compare  fig.  39). 

Uagnetite  is  prominent.     The  3 

porphyritic  crystals  are  more 
commonly  plagioclase  than  a 
ferro  -  magnesian  ooostituent. 
Ohloritio  decomposition  -  pro  - 
ducts,  epidote,  and  calcite  are 
oommon  in  altered  varieties. 

Variatie$  of  Aphaniie. — Na- 
PHSLiHB-APHAHiTBGandNephe' 
liue-Dolerites  occnr.  The  rock 
of  the  LObaner  Bei^  in  Saxony, 
with  nepheline,  plagioclase, 
angite,  abnndant  apatite,  and 
magnetite,  is  a  good  example. 


Fig.    Sg Altered    Dolerite    (Dia- 

bwej.  Mynydd-y-Oader,  Cader 
Idria,  N.  Walee.  x  24.  a, 
ChaneterUtio  pale-broim  ao^- 
ite.  «,  Alnoat  oolonrleH  epi- 
dote, anoolated  with  pile  ahlo- 
ritlo  areai.  In  which  it  oryi- 
talliaet    out,   j;iTing   elonsated 


I,  Xita 
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Orakulax  Aphahite. — Borne  grannlar  diontes  are  of  snffi- 
cieatly  fine  grain  to  be  claaaed  u  aphanites. 

BuPPLEXKirT. 

Bocks  occur,  allied  to  Diorite  and  Aphamte,  bnt  irith  » 
felspathoid  in  place  of  the  felstMr.  To  these,  the  aomeirhat 
loosely  employed  terms  Nephelinite,  Leocltite,  and  Hoieonite, 
have  become  restricted.  One  of  the  best  known  types  is  the 
Nephelinite  of  !EatzenbuckeI  in  the  Odenwald,  oompoeed  of 
nepheline,  a  good  deal  of  smaller  nosean,  aogite,  some  biotite, 
mach  apatite,  and  magnetite. 

Rosenbusch,  again,  has  placed  in  his  "  Lamprophyre "  gronp 
an  interesting  series  of  fine-grained  rocks,  named  by  him 
Camptonite,  and  characterised  by  some  40  per  cent,  of  ailica  and 
6  per  cent,  of  alkalies.  In  the  field,  moat  of  these  weald  be 
collected  as  aphanites  ;  yet  they  are  clearly  an  ontlying  and  far 
more  basic  group.  For  a  well  investigated  British  aeries,  see 
Flett,  "Trap-dykes  of  the  Orkneys,"  Tram.  Roy.  Soe.  Edin., 
ToL  zxxix.  (1900),  p.  874.  Many  fine-grained  "  kersantites " 
and  "mica-traps"  must  be  referred  to  the  same  outlying  group 
of  nltrabasio  rocks  without  olivine. 

V.  Ouvirb-Gabbeo  AMD  Ot-iTiirs-DoLBBm  Qroijp. 

These  are  the  typical  basic  holoorystalline  rocks,  and  become 
nltrabasio  by  increase  of  magnesia  (see  analysis  B),  until  they 
pass  into  the  Peridotite  group. 

Olivine- Oabbro.  —  The  gabbroa  without  olivine  are  treated 
under  diorite ;  but  in  chemical  oompoaition  some  dioritea  over- 
lap into  this  basic  group  ^see  p.  327). 

Structure — Qranitic;  oRen  opbitic.  Con^^/uentt — 1,  Plagio- 
clase(commoDly  labndorite;  sometimes  anorthite);  2,  Pyroxene, 
rarely  Ampbibole  or  Mica;  3,  Olivine.  Uagnetite  or  Tituiio 
iron  ore  is  always  present. 

L  The  difference  between  gabbro  and  olivine^bbro  is  not 
always  clear  in  hand-spedmens,  since  the  olivine  decomposes 
readily  to  dark  patchea,  in  which  magnetite  Is  largely  developed. 
The  typical  pyroxene  is  brown-black  augite,  or  the  acbillerised 
form,  diallage.  Rhombic  pyroxenes  are  determined  micro- 
scopically. The  felspar  is  usually  grey  to  blue-grey,  and  is  often 
saussuritiaed,  losing  its  vitreous  lustre  altogether.  Mica  is 
rarely  seen ;  but  hornblende  may  replace  by  paramorphiam 
much  of  the  original  pyroxene.  The  olivine,  when  fresh,  ^>- 
pears  in  hard  yellow-green  glassy  grains,  contrasted  with  the 
darker  and  less  transparent  pyroxene.     If  the  latter  is  diopaide, 
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it  may  be  difficult  to  distinguish  it  from  the  oliv 
marked  cleavftge-surlaceE  iihoDld  be  noted. 


Fig.  9(X— OliTiDe-Gabbro.  N«&' 
Hnntlj,  Aberdeen,  x  T.  d, 
DUllt^ce,  with  niimeroiu  in- 
oloiioiu  developed  by  ichlller- 
intian.  On  ite  mnrguu  it  li 
psning  by  farther  ohaa^  into 
brown  BtniDgly  pleochroio  horn- 
blende, M  indicated  by  the 
d&rker  baniU.  ol.  Olivine  with 
fibrous  niarainal  Eoue  at  contact 
vrith  the  feupin  (developmcDt 


Fig.  31.— Qabbro  rioh  !n  Olivine 
(Tructolite).  Coverack,  Com- 
woIL  x  12.  a,  Irregalar  and 
very  sabordinate  augite.  ol, 
Oliviae,  alteced,  with  develop- 
ment <^  aerpentine  uid  tOHg- 
netite  along  the  oracka.  The 
larroundiiu;  feUpan  have  be- 
come fall  of  rifta  which  radiate 
from  the  decompoeing  olivine. 
i>,  Plagioohue  (anoTthite).  pi. 
Thin  Eoaea  of  pate  brown  py- 
loxene  oocasionally  occarrmg 


of  tt 


Ophttic  structure  on  &  coarse  scale  is  probably  as  comtnoa  ai 
the  granitic.  Weathering  girea  a  brown  rough  surface,  on 
irhich  the  pyroxene  stands  out. 

Specific  tfrovit)/.— About  2-9  to  30.  As  lov  as  2-8  when 
much  idtered. 

TyjAtal  Anaii/»e».—A,  OliviDe-Gabbro.  Bnohan,  Silesia.  Tom  Bath, 
quoted  by  von  Laaaulz,  SUmaOe  d.  Pttrogr.,  p.  312. 

B.  AnoFthHe-Gabbro,  very  rioh  in  oltiine,  with  bronzite  and  diollage. 
The  Abtthal,  TTan»lvHii«.  l^ohermak,  Porphyrgaleine  Oattrrtie/u,  1869, 
p.  237.  AnaL  by  Barber.  Placed  with  "Piante"  by  Tacherniak  (Ibid., 
p.  280).     See  p.  238  of  thu  book. 
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II.  The  remarks  made  on  the  pyroxene-dioritee  ftpplf  eqnally 
to  these  rocks;  but  olivine  must  here  be  especiiUljr  lookea  for. 
It  will  appear  as  grains  of  irregular  form,  oocasiooally  embedded 
ophitically  in  pyroxene,  and  traversed  by  the  charaoteristio 
craoka  with  traces  of  green  decompoeition-produota.  As  alter- 
ation advancea,  the  oSvine  area  is  converted  into  green  ser- 
pentane,  and  it  often  becomes  a  question  whether  ibis  material 
has  arisen  from  olivine  or  from  rhombio  pyroxene.  When  the 
olivitxe  is  fairly  ferriferous,  the  portion  of  ferrous  oxide  rejected 
during  the  conversioii  into  serpentine  separates  out  along  tbe 
cracks  as  magnetite,  and  ^ves  a  characteristic  appearance  to 
the  area.  Tery  commonly,  colourless  patchei  of  olivine  remain 
in  the  serpentine,  extinguishing  together  between  crossed 
nicols  and  thus  showing  the  extent  of  the  original  crystal 
(fig.  31,  and  frontispiece,  ilg.  1 ;  also  p.  xiiL) 

When  felspar  surrounds  the  olivine,  it  is  often  split  by  the 
expansion  of  the  latter  mineral  during  hydration,  the  radial 
cracks  set  up  being  filled  with  serpentine. 

VarUtiet  of  OlwiM-Oabbro, — With  beoondabt  zohib  (fig.  30). 
These  are  very  marked  around  the  olivines.  The  structure 
appears  to  arise  by  interaction  of  the  minerals  when  subjected 
to  earth-pressures  (as  in  the  "  Flaser-gabbroa  '  of  Saxony).  The 
constituents  become  divided  from  one  another  by  zones  of 
actinolite,  rhombic  pyroxene  or  rhombic  amphibole,  garnet,  and 
other  minerals ;  these  zones  require  the  microscope  for  their 
correct  appreciation. 

Uabbbo  eioh  in  OiiTiKK  (fiff.  31). — The  "  PorellenBtein "  of 
the  Qermans  is  a  rock  in  which  tne  dark  altering  olivine,  set 
In  white  febpar,  was  supposed  to  resemble  the  markings  on  a 
trout.  Little  pyroxene  occurs.  The  felspar  is  anorthit«,  and 
this  anorthite-gabbro(with  much  olivine)was  called  "Troctolite"* 
by  von  Lasaulx.  Microscopically,  the  felspars  appear  split  by 
the  expansion  of  the  olivine  during  its  passage  into  serpentine. 
Some  authors,  noting  the  small  part  played  by  the  pyroxene, 
eonsider  "troctolite  as  composed  of  oUvine  and  felspar  only. 
Id  chemical  composition  it  is  ultrabasic. 

O&Tlne-Doleiite. — Strttdure — Microgranitic  and  microcrystal- 
line.  At  times  ophltic  Tbe  olivine  is  often  porphyritic.  Con- 
MttuMWl*— Like  olivine-gabbro. 

I,  The  rock  is  typically  dark,  with  a  K'^ntilar  appearance. 

Closer  inspection  generally  reveals  prismatic  felspar,  obscured 

in  the  total  effect  by  the  glancing  points  of  the  pyroxene  and 

olivine.     Ophitic  stmctare  and,  where  felspar  is  not  abundant, 

*  EhmenU  dtr  Pttroffraphie,  p.  310.     From  rpdicrq,  a  ttoot, 
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the  "  hintre-mottliDg  "  effect  of  oUvine  uid  pyroxene,  nra  viaible 
in  purts  of  many  muaeB.     (See  p.  236.) 

The  knife  naually  leaves  a  white  mark  on  the  rock,  owing  to 
the  tendency  of  the  basic  conitituents  to  decompose.  The  joint- 
sur&ces  are  brown  with  iron-rust,  and  weathering  givee  a 
ragged  aspect  like  that  of  the  gabbros. 

When  much  we»thered,  ^e  oliTine-dolarites  become  soft  and 
greenish,  and  leolitet,  calcite,  and  agates  begin  to  accumulate 
in  cracks  and  cavities. 

Specific  Oraoity. — About  2-1.     liowered  by  alteration. 

Typieal  Aiudf/f.—K.  MeiSBDor,  Hesu.  Moarta,  1867;  qiiat«d  \>j 
Roth,  Batr^  ««r  Pttrog. ,  1S69,  p.  ozzx.  (one  of  Hatty's  typical  Dolerites]. 

B.  Ne«r  Valmont,  CoXanAo.  Bakius,  qnoted  by  Clarke,  BvU.  U-S. 
OtU.  Svn>.,  Ha  168  (1000),  p,  14a 
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n.  The  plagioclases,  labradorite  to  anorthite,  are  rod-sbaped. 
The  pyroxene  occurs  in  the  interstices  of  the  felspar  mesh  in 
granular  forms,  with  commonly  some  sign  of  the  eight-sided 
outline,  or  as  ophitio  crystals.  The  olivine  lies  scattered  hap- 
liazard,  two  or  three  crystalline  grains  commonly  being  attached 
together.  Porphyritio  crystals  of  plagioclaae  and  pyroxene  arv 
frequent.  The  olivine,  moreover,  is  also  commonly  porphyritic, 
not  being  diffused  in  small  granules  through  the  groundmass. 

By  alteration,  these  rocks  give  rise  to  dubious  forms  that  are 
most  oonveoiently  styled  "Olivine-Diabases,"  and  sometimes  be- 
come "  epidioritea."  In  these  secondary  hornblende  and  biotite 
may  occur.  Both  these  minerale  are  rare  in  the  unaltered 
<diviBft-dolerites. 

Farietiea  of  OHvine-Dolerite, — ITEPHSLiNS-OLivinx-DoLBeiTB. 
The  felspar  may  be  largely  replaced  by  nepheline,  the  crystals  of 
which  appear  as  pale  yellowish  vitreous  grains  or  rectangular 
and  hexagonal  sections  on  the  surface  amid  the  dark  pyroxene. 
These  rocks  ace  naturally  richer  in  soda  than  the  ordinary 
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When  felspar  U  abaont,  and  its  place  u  taken  by  a  felspctthoid, 
we  have  OUrine-Nepfaelimte,  OUTine-Lencltite,  ka.,  a  small  group 
of  rocks  that  does  not  require  separate  description. 


VL  Pbbidotitb  Oboop. 

The  Feridotites,  as  the  term  is  now  onderstood,  are  qnite 
exceptional  when  compared  with  the  rocks  of  the  preceding 
groups,  being  practically  devoid  of  felspar  and  not  rich  in  any 
alaminons  mioeral.  l^ey  occur  as  segregated  masses,  or  as 
veins,  among  ordinary  basic  rocks,  the  latter  often  shading  into 
them  jnst  as  ^anite  may  shade  into  the  more  highly  silicated 
aplite.  The  "Ficrites"  of  Tschermak*  ore  rocks  rich  in  olivine, 
this  mineral  forming  about  SO  per  cent,  of  the  bulk ;  but  some 
contain  much  felspar,  and  they  are  of  various  degrees  of  orystal- 
lisation.  The  term  oannot  fairly  be  used  in  any  but  the  general 
sense  of  its  author.     See  analysis,  p.  233. 

Poidotite. — A  name  used  by  Gordier  for  a  basalt  or  dolerite 
rich  in  olivine.  Now  generally  adopted,  following  Roaenbusch, 
fortypeswithoatfelspar.  "Fiorite''ofmanyauthor8.  Strueturs — 
Oranitio;  but  very  often  the  olivine  is  ophitically  included  in  the 
pyroxene,  amphibole,  or  mica,  giving  the  "lustre-mottling" 
etfeot.  Cotutilttents — 1,  Fyroxene,  Amphibole,  or  Mica;  2, 
Olivine.  Magnetite,  titanic  iron  ore,  ohromite,  and  other  spinel- 
loids  are  common. 

I,  The  prevalent  eolonr  when  fresh  is  a  yellow  olivine  green, 
darkening  with  decomposition,  and  intermingled  with  black  or 
lustrous  bisilicates.  In  the  "lustre-mottling"  types,  the  lattor 
mtnerots  give  the  impression  of  forming  by  far  the  greater  balk 
of  the  rode,  owing  to  the  glancing  of  their  oleavage-sar&ces  or 
schiller-planes ;  the  olivine  appears  set  in  the  pyroxene,  i&c.,  as 
little  dark  green  or  black  granules.  A  &l8e  appearance  of  coarse 
crystalline  forms  is  sometimes  given  to  the  rock  by  the  meeting 
at  various  angles  of  these  loBtrous  Borfitoes  belonging  to  different 
ophitic  crystals. 

■  SUzmgiber.  d.  Wiener  Ahiuiemie,  Bd.  xL,  p.  113;  and  Di«  PerpKgr- 
fftaUine  daterraelis,  1869,  p.  2M. 
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The  hornblende- mica -peridotite  of  Sobrieaheim  in  Baden 
is  &  good  type  of  this  structnre.  A  beantifnl  example  with 
bronze-ooloiinid  mioa  occurs  near  Loch  Scje  in  Caithness 
("Scyelite"). 

Owing  to  the  reodj  decomposition  of  olivine,  the  peridotites 
are  best  known  in  their  altered  forms,  which  oonstitnte  the  great 
bulk  of  l^e  racks  called  Serpentine.*  These  are  jellow-green, 
dark  green,  purple,  or  red  masses,  Aill  of  veins,  which  are  often 
of  a  different  colour  to  the  ground ;  the;  commonly  contain 
gleaming  crystals  of  altered  pyroxene  (bastite,  &o.),  though  these 
are  sometimes  represented  by  dull  yellowish  psendomorphs  in 
which  the  cleaTafe-structares  sre  preserved.  The  richness  of  the 
colour,  often  a  fine  purple-black,  makes  serpentine  a  striking 
rook  in  the  field.  Owing  to  its  yielding  character,  schistose  and 
brecoiated  forms  are  very  oommon,  and  the  rock  breaks  along' 
Bospy-looking  slickenaided  surfaces.  Some  rooks  called  serpen- 
tine are  serpentinous  limestones,  otbeis  schists  with  green 
(lecomposition-prodiiots ;  and  any  examination  of  a  serpentine  tn 
titu  should  involve  a  close  enquiry  into  its  probable  mode  of 
orunn. 

Traces  of  dull  white  sanssnritic  felspar  remain  in  some 
serpentinM,  the  original  rock  having  been  allied  to  the  gabbros 
.  rich  in  olivine.  In  others,  red  or  green  garneta  form  a  some- 
what strikine  aooesioi?  (serpentine  M  Zdbhts,  itc). 

"  -  -■'-    Gramtj/. — 3-0  to    about   3-S.      Somewhat   loi—    "- 


Typical  AMljuet.—ti.  PyTozMw-Pwidotits  ("LhanoUte"),  Baldiuaro, 
M«ti  Rowi.  Cous,  RktrtJu  thim.  i  mier.  Chrome-dlopaide,  anitatite, 
oUviiia,  piootite  and  p^rite. 

B.  MiM-HombUnde-Peridotita  ("Ssyelits"),  Loah  Scye,  Caithnev. 
MiU ;  Qtian.  Jtntrn.  OtoL  Soe,  1S86,  p.  402.     Desoribed  by  Prof.  Jadd. 

C.  Donlte,  Dun  MouUin,  New  Zoalud.  Ton  Hochitetter,  Zdfehr  d. 
dtiiUeK  geol.  Oadi.     IBU,  p.  341.     Some  pyroxene;  eArvnu(erenior«<. 

D.  Serpentina,  Usard,  Cornwall.    J.  A.  PhUUpa,  PUl.  Mag.,  voL  xlL 
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II.  The  ftbundanoe  of  olivmA,  ttnaltered  or  serpeutiiuBed, 
-characteriBcs  the  peridotltes  and  serpentines  in  microscopio 
jKctions.  Felspar  is  rare,  but  sometimes  snrrotmds  oliTine 
granules  bare  and  there,  as  in  the  "  trootolites."  The  ferro- 
magnesian  constituents  ophiticall^  surround  the  olivine,  or  an 
irregularly  mingled  vith  it.  Brown-green  chrome-spinels,  sndi 
.ss  picotite,  which  are  isotropic,  are  occasionally  present. 

When  the  peridolite  is  fre^  there  may  be  very  little  ooloar 
in  the  section,  since  the  olivine,  the  enstatite,  the  diopaide  rich 
in  chromium,  &e.,  may  all  appear  very  clear  and  pale.  The 
iiigh  refractive  index  of  all  the  typical  oonstitaents  is  a  rather 
striking  feature  when  one  passes  to  these  rocks  from  ordinary 
quartzose  and  felspathic  types. 

The  cracks  of  the  olivine  will,  however,  commonly  appear 
faintly  green :  the  pyroxenes  can  be  picked  out  by  their  cleaT- 
ages  and  extinctions ;  the  spinelloids  by  their  deep  colours  or 
opacity,  and  their  isotropism  when  transparent. 

The  ampbibole  that  sometimes  occupies  thti  place  of  the  more 
.common  pyroxene  is  often  also  pale  and  almost  colourless  in 
section.  A  pale  brown  mica,  with  strong  pleoobroism,  is  an 
occasional  oonstitneut. 

The  serpentines  derived  from  pyroxene-,  amphibole-,  or  mica- 
peridotites  contain  more  or  less  obscure  traces  of  these  minerals 
amid  the  general  green  areas  of  altered  olivine.  While  the 
bisilioatOR  have  often  become  also  green,  and  saturated,  as  it 
were,  with  serpentinous  matter,  it  is  questionable  whether  they 
-contribute  in  a  conspicuous  degree  to  the  formation  of  the 
mineral  serpentine.  Their  remains,  indeed,  occur,  both  in  the 
rock-mass  and  in  sections,  rather  as  breaks  in  the  continuity  of 
-xhe  typical  toft  serpentine-rook  than  as  sooroes  of  origin  of  the 
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•erpentiae.  (Sm  in  partioal&r  Miaa  C.  A.  Baisin,  on  the 
Bftiieathal  Sorpeatine,  Quart  Joum.  Gaol.  Soc,  vol.  luL,  1897, 
p.  246.) 

The  gamete  of  aome  serpentiDeB  are  greatly  altered,  lonea  or 
complete  pseudomorphs  of  fibrous  Btructure  being  produced. 
Calcite  and  dolomite  may  occur. 

The  schistose  Berpeittiiies  should  be  etadied  in  connexion 
with  sections  of  the  metamorphic  rocks  among  which  they  occur. 
Their  eruptive  origin  will  probably  be  proved  in  a  larger  number 
of  cases  than  is  at  present  recognised. 

The  brecdated  serpentines  often  resemble  tuffs  under  the 
microscope,  since  lumps  of  the  rock  may  lie  amid  oompletely 
pulverised  and  ground-up  material ;  but  there  is  no  scoriaoeous 
structure  in  the  particles,  and  fie  Id-examination  will  give 
evidence  of  the  mode  of  formation  of  these  firagmental  varieties. 

The  &ct  that  serpentinous  limestones,  ohloritic  aggregates 
derived  &om  altered  pyroxene-rocks,  and  other  soft  green  masses, 
are  sometimes  described  as  eerpeatine  must  not  be  forgotten  is 
judging  of  sections  said  to  represent  this  rock. 

Vartefiei  of  FendotUt. — Lhebzolitk  would  scarcely  need  to  be 
mentioned  separately  here,  but  for  the  detailed  study  it  haa 
received  and  the  antiquity  of  the  name  (given  by  Delam^therie 
after  the  l^ke  of  L'berz  in  the  Aribge).  It  ia  a  fairly  fresh 
granitic  peridotite  with  diopside,  enstaute,  and  chrome-spinel. 
Many  varieties  of  peridotite  based  on  the  prevailing  pyroxene 
have  lately  received  distinct  names;  but  a  mineralogical  ter- 
minology lor  such  rocks,  as  above  used,  will  probably  commend 
itself  to  moat  observerv. 

DuHiTB  (von  Hochstetter),  or  Ouvink-Rook,  is  an  extreme 
form  of  peridotite,  commonly  shading  into  more  normal  types. 
It  consists  of  olivine  with  more  or  less  prominent  spinelloida 
(diromite  at  Wie  Dun  Mountain,  New  Zealstid).  The  colour 
is  olivine-green,  the  structure  granitic.  Many  pure  serpentines 
doubtless  arise  from  the  alteration  of  olivine-rock  or  dunite. 
A  good  example  of  olivine-rock  occurs  at  KraubaC  in  Btyria ; 
and  certain  yellowish  masses  with  chromite  in  the  Shetland* 
ars  serpentines  oorreaponding  to  the  Kew  Zealand  dunite.  Sea 
analyaia  C. 
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fi.  Utholdal  Socks  oont^ning  Eome  Qlassy  Hatter. 

This  division  includes  those  types  of  igneous  rook  that  are  not 
truly  holocrystalline,  although  they  may  sometimes  appear  so  to 
the  eye.  While  they  commonly  occur  as  lava-flows,  they  may  be 
found  also  as  dykes,  and  towards  the  edges  of  even  more  im- 
portant intrusive  masses.  There  still  remain  rocks  of  a  highly 
vitreous  character,  which  &re  reserved  for  a  separate  diviGion  C, 
since  their  correct  determination  is  more  dependent  on  chemical 
analyses  than  is  the  case  in  the  present  or  preoeding  division. 


I,  Bhtolitb  Groop. 

These  rocks  correapond  to  the  granites  and  eurites. 

Rhyolite  (von  Richthofen,  I860;'  "Liparite"  of  Roth,  186I.t 
Frior  to  these  dates  classed  as  trachyte  with  free  silica,  and  thus 
often  known  under  the  name  of  "  Quartz-Trachyte").  Struelure — 
Compact  lithoidal,  sometimes  showing  spherulites.  Oooasional 
bands  or  patches  of  black  glass.  Often  banded  and  fluidal. 
ContlilueiUe  —  Those  of  granite  may  appear  porphyritioally. 
The  febpar  is  orthoclase,  often  in  the  sanidine  condition.  Qnartz 
m&y  be  present  in  grains.  Ferro-magnesian  minenJa  not  con- 
spicnous.     Lithoidalto  glassy  gronndmaas. 

L  The  porphyritic  crystals  in  these  partly  glassy  litboidal 
rocks  are  of  use  in  determination  according  to  their  abnndanoe. 
When  scattered  at  wide  intervals,  their  effect  on  the  total  com- 
position, the  latter  being  the  chief  consideration,  may  be  very 
small.  Crystals  of  orthoclaee,  coupled  with  quartz,  are,  however, 
a  fair  guide,  since  the  indeterminable  groundraaas  will  probably 
be  yet  richer  in  silica  than  the  aggregate  of  the  porphyritic 
constituents.  The  clear  "  glossy  sanidine  or  anorthoclase 
will  often  show  the  characteristic  simple  twinning  as  the 
spe^men  catches  the  light  when  turned  in  the  hand ;  the 
quarts  is  commonly  granular,  bat  sometimes  has  traces  of 
pyramidal  form.  IdttTe  black  specks  frequently  occur,  which 
prove  to  be  flakes  of  biotite  or  prisms  of  soda-augite,  or,  more 
rarely,  hornblende. 

The  groondmass  is  typically  pale  in  colour,  often  being 
a  red  or  brown-pink,   or  a  yellow-brown ;  sometimes  white 

,,  pp.  166  and  IW. 
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or  gTMtiiBh-white.  The  banded  atmoture  ia  often  extremely 
(lerteot,  aa  in  rhTolites  from  Iceland,  the  rock  aptLtting  aJong 
IMnJlel  planes  umoat  like  a  shale.  In  leea  regular  types  the 
bands,  marked  out  by  varioos  shades  of  colour,  are  bent  or 
contorted  by  the  flow,  and  the  porphvritic  oryBtals  play  a  part 
in  distorting  them  wlkioh  is  comparable  So  that  of  the  "  eyes " 


The  groundmaaa.  Then  compact,  is  &irly  hard  f»  nearly 
6  when  &eih),  and  the  fractured  suriacea  tend  to  oe  conch- 
oid aL  It  gives  a  good  potassium  reaction  in  the  flame. 
When  attacked  by  volcanic  vapoars  or  atmospheric  action,  it 
becomes  powdery  and  softer;  opals  are  found  gometimes  in 
the  cavities. 

A  Booriaceons  and  commonly  pink  type  from  Himgary  goes  by 
the  name  of  the  "Millstone-Porphyry." 

The  groundmass  may  become  very  glassy,  approaching  obsidian 
when  still  compact,  or  becoming  white  and  pnmicooos,  with  a 
delicate  ailky  lustre  and  rough  feel,  when  expanded  by  abundant 
Bteam-vesicles. 

As  already  hinted,  apherutitic  strnctnre  may  be  recognised, 
particularly  in  the  lithoidal  bands.  The  apherulitea  are  some- 
times greatly  elongated  by  the  flow  of  the  mass  in  which  they 
are  developed.  Lithophyae-atructnre  and  spherulites,  the  centres 
of  which  seem  to  have  been  eaten  out  by  decomposing  agents, 
may  be  looked  for  among  rhyolitic  lavas.  In  some  cuea,  the 
spherulites  aeem  to  haTe  grown,  both  outwards  and  inwards, 
trom  the  aur&ces  of  steam-veaiclea. 

The  freshest  series  of  rhyolites  in  the  British  Isles,  ranging 
from  lithoidal  types  to  perlitdc  obsidian,  ia  undoubtedly  to  be 
found  on  Sandy  Braes,  north  of  Tardree  in  Co.  Antrim. 

The  older  types  of  rhyolite  have  special  intei-est  in  Oreat 
Britain,  owing  to  their  extensive  development  in  Ordovician  and 
eariier  timee.  Secondary  devitrification  has  removed  all  traces 
of  glass,  but  the  structures  exactly  parallel  those  occurring  at 
the  present  day.  Their  general  appearance  ia  that  of  compact 
white  or  grey  eurite ;  but  spherulites  and  lithophyses  can  often 
be  well  seen  npon  the  joint-planes  or  other  surfaces  affected 
by  weathering.  In  the  hollows  of  the  altered  spherulites, 
and  in  the  cracks  of  the  rock,  quartz  is  very  freely  developed. 
Many  of  these  dull  or  flinty-looking  lavas  represent  former 
obsidians. 

The  "  Fyromerides"  (HaUy  and  Monteiro,*  meaning  "  only  in 

■/mrnoJ  da  Itmtt,  tama  xixv.  {18U),  p.  8D9. 


242  HKUOBYnALLIKE  lOXBOUB  BOOKS. 

part  fuBible")  of  the  Oontinent  are  precisely  aimilatr  to  the  old 
British  coarsely  apherulitic  rhyolitet.  Secondary  quarts  and 
chalcedony  are  abundant  in  them.  The  spherulitea,  aa  in  our 
Wrekin  area,  hare  often  become  red,  almost  like  jasper,  but  still 
■bow  radial  atruoture  when  broken  open.  In  the  Wrekin  area 
the_  sorrounding  devitrified  gltuu  is  dark  green  ;  in  tlie  typical 
"pyromeride"  from  Wneobeim  in  the  Vosges  it  is  yellowish 
white,  resembling  many  "elvans." 

Where  the  glass  was  formerly  abundant  in  these  ancient 
rhyolitea,  perlitic  oraoks  of  the  most  perfect  kind  may  often  be 
traced  with  the  eye  and  lens  on  slightly  weathered  aurfaoes ; 
these  oraokB  may  be  marked  out  br  secondary  products  darker 
than  the  denitrified  groundmaas.  It  is  on  their  occurrence  that 
geologists  mainly  rely  for  proof  of  the  former  vitreous  character 
of  the  mass. 

These  older  rhyolitea  include  very  many  of  the  "quartz- 
porphyries''  of  continental  writers,  and  part  of  "felsite,"  "fel- 
stone,    "petrosilftx,''and  "halleflinta." 

Spee^  Oravily.—Ahoiat  Z'6.  By  secondary  devitrifioatioQ 
this  risea  to  2-66. 


Tjnitat  Analyae*.— A.  Rhyolits,  HUnik,  Hnnaaiy. 
JahHmeh  d.  t.  L  geol.  SaeSt.,  Vienna,  1S66,  p.  4M.     "  Like  honiit<Mia. " 


player,  quoted  by  Teall, 


B.  Uthoidal  RhjroUte.  Taidree,  Co.  Antnm. 
BriL  Pttroqr.,p.  3i8.     With  tridymlta. 


QMirt.  Joim,  OeoL  Soc,  ISTT,  p.  4fi7.     Described  hj  Hr.  S.  AUport. 
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The  percentage  of  silica  often  rises  considerably  in  the  older 
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«x&mples,  bases  being  carried  away  in  solntion  and  quartz  and 
chaloedoixy   greatly   accumulated.  _ 

Thus  a  ooaraelj  BpberulLtic  rfajo- 
iite  at  Digoed,  N.  Walee,  gives 
8i  O,  -  83-08  per  cent. 

IL  In  sections  of  rhyolite  tbe 
porpbyritic  crjrBtals  are  corroded 
Kad  eaten  into  by  ^e  groundmaas 
(fig.  32,  B),  assuming  oommonlv  a 
rounded  or  oval  outline.  Tbe 
quartz,  wbicb  occurs  freqnently, 
may  ahow  glass-enclosaren  with 
bubbles,  which  are  not  due,  like 
many  "  enclosures,"  merely  to  tbe 
transverse  section  of  a  tongue  of 
the  invading  groundmass. 

Soda-angite  and  biotite  are  the 
most  common  ferro-magnesian 
constituents,  and  keep  their  oat* 
lines  well ;  but  the  dark  minerals, 
including  magnetite,  are  often 
only  feebly  represented. 

Tbe  groundmass  sbows  bands  of 
various  brownish  tints,  commonly 
yellow-brown  (fig.  32,  A),  or  is 
uniformly  brown  with  scattered 
embryo-crystals^"  crystallites "  or  "  micro] ites."  These  small 
crystalline  bodies  are  arranged  with  tbeir  longer  axes  parallel  to 
the  lines  of  flow,  and  should  be  studied  with  a  4-incb  or^-inch  power. 
The  embryo-felspars  are  often  notched  deeply  at  each  end,  having 
grown,  in  &ct,  moat  rapidly  from  their  comers  (compare  fig.  36,  B). 

Spherulites  appear  as  brown  circular  sections,  BometLmes  with  a 
porpbyritio  crystal  at  tbe  centre.  The  radial  fibrous  structure  may 
or  may  not  be  developed(see  fig.  41),  and  concentric  coats  of  slightly 
different  physical  constitution  appear  in  some  varietiea  The 
material,  partly  gUssy,  partly  crystalline,  formiog  the  sphemlite 
differs  but  little  in  composition  &om  the  general  groundmass.  In 
some  cases,  a  differentiation  occurs  among  the  rays  composing  tbe 
sphemlite,  and  some  of  the  browner  rays  even  exhibit  pleocbroism. 
Probably  in  all  spherulites  there  is  a  good  deal  of  glass,  caught  up 
during  the  process  of  aggregation.  A  more  transparent  coat  com- 
monly surrounds  the  completed  sphemlite;  at  other  times  a  cloud 
of  dusky  matter  remains,  from  which  the  sphernlite  has  concreted. 

In  more  exceptional  cases  the  sphemlite  has  grown  in  some 
directions  more  than  in  others,  spreading  out  in  rays  into  the 


Fig.  S3.— A,  Bbyolits.  Hlinfk, 
HosffMy.  N  21.  Flnida], 
banded,     and      uDporfectlv 

Bual  imd  TUiical  MCtJona 
of  bn>wn  biotita.  A  cryital 
of  taoidine  oooni*.  B, 
RhyoUt«.  Dyke,  Broodford 
Bay,  Skye.  x  S4.  8phem- 
litic  groan  dmaaa,  with  por- 
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rarroandiDg  glass  in  a  striking  amrabiform  manner.  Suoh  bodiet 
maf  be  deecri.bed  aa  "  Bkeleton-ephenilitea ;"  a  bunch  of  th» 
diTBrgent  rays  when  cut  across  gives  a  number  of  irregnlarly 
OToid  sections  of  fibrous  matter  with  no  apparent  connexion 
between  them. 

In  the  more  lithoidal  rhyolites^  t^e  sphemlitic  stmoture,  if 

S resent,  is  injured  by  the  close  crowding  of  the  HphemUtes  {fig. 
2,  A  and  B)  and  is  best  seen  between  crossed  nicols.  Apart 
from  the  minute  traces  of  isotropic  glass,  a  sfaadovy  crystalline 
effect  (due  to  glass  under  stress,  imperfectly  developed  crystals, 
and  microlites)  is  seen  throughout  the  groundmaas  when  polarised 
light  is  used.  This  "  cryptoery stall ine  "  character  is  probably 
better  seen  in  the  rhyolites  t^ian  in  any  other  group. 

The  Bpherulites,  when  &-merouB,  may  have  polygonal  ontlines 
where  Uiey  come  into  contact^  or  may  be  redact  to  &n-lik« 
patches.  With  crossed  nicols  the  black  cross  of  spherules  ander 
stress  or  of  fibrous  aggregates  is  generally  traceable,  and  is  very 
conspicuous  in  some  small  spherulites  in  glassy  rooks.  In  the 
imperfect  &n-like  a^regate^  this  feature  becomes  most  easily 
noticeable  when  the  stage  is  rotated. 

While  common  brown  spherulites  may  be  almost  or  truly 
isotropic,  the  colourless  ooat  round  well  developed  examples  ia 
seen  to  be  better  crystallised  than  the  interior. 

Ferlitic  structure,  with  its  mora  or  less  delicate  and  complex 
system  of  rifts,  apj)ears  in  the  most  glassy  rhyolites,  the  curved 
cracks  at  times  resembling  in  regularity  the  coats  of  an  onion 
(see  fig.  43),  The  structure  is  little  intei-fered  with  by  spherulites, 
the  cracks  often  passing  through  them  and  the  grouudmaas 
alike  ;  and  the  whole  glass  may  be  brown  with  separated  matter 
and  full  of  microlites,  and  yet  may  have  yielded  to  this  form 
of  coDtraction.  But  the  sub-crystalline  structure  of  the  most 
lithoidal  rhyolites  checks  the  formation  of  perlitic  structure. 

The  older  rhyolites  show  under  the  microscope  all  the 
structures  above  described.  But  for  a  certain  earthy  dulneas  of 
the  groundmass,  and  the  frequent  occurrence  of  cracks  and 
hollows  filled  with  chalcedony,  quartz,  or  darker  secondary 
products,  their  extremely  antique  character  might  scarcely  be 
soipeoted  (see  fig.  42).  But,  directly  the  polariscope  is  applied, 
the  areas  representing  the  glassy  or  glassy-litboidal  matrix  are 
seen  to  be  composed  of  crystalline  granules,  giving  colours  of  a 
low  order ;  while  any  spherulites  present,  though  all  their  form 
and  fibrous  structure  may  be  preserved,  also  exhibit  a  granular 
polarisation.  The  microUtea  and  minute  bodies  of  the  ground- 
mass  can  be  traced,  often  as  psendomorphs,  with  higher  powers, 
despite  the  secondary  devitriticatioa  that  has  gone  on  round 
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them.  The  gnnoles  developed  b;  this  process  sometimea  attain 
1  mm.  OF  BO  in  diameter,  and  ther  meet  one  another  along 
irregular  bo iindariea.  The  atractnre  is  thus  something  like  that 
of  quartzite,  and  it  ia  quite  possible  that  each  grannie,  felspathio 
or  otlierwise,  is  formed  in  optical  continuity  with  some  minute 
original  central  crystal  which  has  served  as  a  point  d'appui 
.  during  the  process  of  devitrification.  Thus  a  rock  that  retains 
all  the  delicate  strnctares  of  the  original  glassj  type,  may  come 
to  consist  of  a  holocrystalline  &ggrega,te  of  interloping  crystals 
of  quartz  and  felspar,  which  behave  ophitically  towards  the 
crystallites  and  microlites  originally  developed  Twinning,  how- 
ever, does  not  seem  to  arise  in  these  secondary  felspathio  grains. 
VarieiiM  of  Rhyolite. — Soda-Rhtolitk.  This  corresponds  to 
■oda^enrite.  The  orthoclase  ia  rich  in  soda,  and  oommonly  albite 
or  oligoclase  appears.  Soda-microcline  is  probably  present.  Theai 
rocks  are  called  "Quarts-Pantellerites"  by  Bosenbuscb,  and  furm 
linka  with  the  quartz-andesites.    See  also  Obsidian  in  division  C. 

II.  Tbachtti  Group. 

This  gronp  is  now  by  universal  consent  much  reduced  in  bulk, 
by  the  cutting  off  of  the  quarts-trachytes  (rliyolites)  at  one  end, 
and  the  oligociase-trachytes,  &c.  (andesites),  at  the  other.  It  thus 
eorrea ponds  to  the  syenites. 

Trachyte  (Haay*  quoted  by  d'Aubuisson,  1819,  &om  r^cc;^ut, 
"  rough,"  owing  to  the  common  texture  of  such  lavas).  Struc^ire 
— Compact  lithoidal ;  very  often  scortaceoue.  Commonly  por- 
phyritic.  ConttUuenta — Those  of  ayenite.  The  orthoclase  is 
comiDonly  the  "glassy"  sanidine.  Ferro-mannesian  constituents 
not  abundant.     Lithoidal  to  glassy  groundmass. 

I.  Quartz  must  be  absent ;  the  sanidine  is  oftea~  large,  its 
clinopinacoids  being  characteristically  bruad  and  the  crystals 
plate-likeL  Sode-augite,  biotite,  and  hornblende  may  be  reoo^ 
nieed,  and  occasioniJly  rhombic  pyroxene  occurs.  Flagioclase  is 
common,  and  may  be  known  by  its  striated  surfaces. 

As  in  the  rhyolites,  the  groandmass  is  typically  pale.  The 
characteristic  colour  is  white,inclining  to  grey-brown ;  but  reddish, 
yellowish,  and  even  black  trachytes  exist.  The  black  scoriaoeous 
type  seen  in  the  Arso  lava-stream  in  Isohia,  which  was  poured 
<mt  in  the  fourteenth  century,  ia,  however,  quite  exceptional. 

Since  the  proportion  of  glass  to  well-developed  cryHtaJs  ia  on 
the  average  less  in  the  trachytes  than  in  the  rhyolitee,  the 
banded  and  sphemlitio  structures  are  less  often  seen.  The 
fraotiired  surface  is  somewhat  rough,  and  the  material  breaks 
away  under  the  knife.  In  deoomposing  trachytes,  alum  is 
sometimes  deposited  under  the  influence  of  soUataric  vapours. 

•  TroiU  At  J/in.,  2nd*.  idiU,  %.  tr..  p.  570.  , ,  , 
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Specific  Oraoilr/. — About  2-5,  The  looseneu  of  teiture  in 
mui;  examplea  makes  detenu ination  difficult. 

Typieai  Amdyteg.—A.  Babertshftnicn,  Hease.  Enseltwdi,  qaotad  hy 
Zirk^  PtirographU,  «d.  I,  Bd.  ii,  p.  ITS.     Littls  honibl«iule  uid  aatu^ 

B-  fVeienhltiucbeii,  EifeL  ZirKel,  ZeiUchr.  d.  deataeh.  geul.  QetlU, 
1869,  p.  535.     With  Oligodrue. 

C.  Searrupata,  laohia.  Vora  Eath,  Zeitschr.  d.  deutnA.  geol.  OemU., 
1866,  p.  623.     With  Sodalke,  Aogite,  and  Biotite. 
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II.  The  beautifully  clear  saniiline  crystals  are  usn&ll;  cod- 
spicuous  in  sectionB  of  trachyte,  though  liable  to  be  broken  and 
corroded.  Pla«ioolase  is  almost  always  present.  Small  soda- 
angitea  are  probabl;  the  commonest  ferro-magnesian  constituent; 
biotite  is  birlj  ft^uent,  but  hornblende  somewhat  rarer. 

The  groundmasB  rarely  shows  banding,  but  is  crowded  with 
miorolites  of  ortboolase,  which  are  arranged  in  confused  flowing 
lines.  A  high  power  reveaw 
colourless  interstitial  glass  with 
"crystal-dust"  and  minute  skele- 
ton-crystals. In  the  most  glassy 
trachytes,  spherulitic  and  perlitio 
atructurea  appear  ^aee  Rbyolite). 

The  older  trachytes  are  very 
difficult  to  mark  off  from  the  corre- 
sponding type  of  rhy  elite,  since  it  is 
impossible  to  say  what  was  the  ori- 
ginal proportion  of  silica  present. 
The  marked  absenoe  of  porphyritio 

(iioidiiie)  in  frwh  ery.tal«,  clMsed  as  altered  rhyolltea  makes 
showing  traces  of  loEing.  one  suspect  that  (among  the 
CIcavngeanotdiBtJnct.  Green  Devonian  emptions,  for  instance) 
■oda-iugiMi  occurs;  a  cross-  many  of  these  old  lavarflows  were 
trachytic 

^ Variefiat    of    TraehyU, — SoDA- 

TBAcaY<E("PaiLtellerite"ofRoBen- 
buach,  after  Fdratner,  from  Fantelleria).    Soda-miorocline  may  be 
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present,  with  oligoolase.  Probably  the  majority  of  tnchytsB 
contain  a  greater  total  percentage  of  soda  than  of  potaah  ^eee 
Fhouolites  belov). 

Tbaohttb  with  HtiCB  OuoocLASS. — The  "Domitea"  of  von 
Bach  (from  the  Puy  de  Dome)  may  be  placed  hero.  These 
rocks  are  the  connecting  link  with  the  andesites. 

Nephelini-Trachtte  (Nbphelire-Phonolite). — These  rocks 
may  be  remrded  as  forms  of  trachyte  rich  in  soda  and  poor 
in  silica.  The  rocks  known  early  in  the  century  as  Phonolites  * 
were  compact  grey  fissile  lavas  which  gave  a  ringing  sound 
("Clinkstone")  when  struck  with  the  hammer.  Nephdine  was 
gradually  discovered  in  many  of  these,  and,  following  Zirkel, 
the  term  pbonolite  is  now  used  for  a  libhoidal  or  glassy  rock 
containing — 1,  Ortboclase  (usually  rich  in  soda);  2,  one  of  the 
"  feispathoids,"  ».«.,  Nephelina,  Leticite,  Nosean,  or  Haiiyne ;  3, 
Pyroxene,  Amphibole,  or  Mica.  Pale  sphene  is  a  common 
accessory. 

I.  The  nepheline-phonolites  sre  less  trachytic  in  aspect  than 
many  of  their  allies.  Tbey  are  commonly  very  compact,  and 
of  a  grey  colour  faintly  tinged  with  brown.  When  fresh  they 
have  a  peculiar  partly  glassy,  partly  greasy  lustre,  due  to  the  dis- 
seminated nepheline  (the  rock  of  Briix,  Bohemia,  for  examjile). 
But  alteration  easily  seta  in,  and  yellowish -white  opaque  patches, 
often  showing  nepheline  outlines,  appear  throughout  the  moss. 
The  cracks  uid  hollows  become  filled  with  zeolites,  notably 
natrolite.  The  felspar  remains  distinct  and  glassy -looking  long 
after  the  nephehne  has  become  pseudomorphosed. 

The  fissile  character  common  in  phonolites  is  intensified  by 
weathering.  In  several  cases  it  is  due  to  the  arrangement  of 
lamellar  orthoclase  in  parallel  planes  during  movement  of  the 
viscid  mssB. 

As  was  noticed  nearly  a  century  ago,  the  phonolites  give  on 
digestion  in  acid  a  separation  of  gelatinous  silica.  Any  rock 
rich  in  zeolites  is  likely  to  show  this  character ;  but  the  nephe- 
line and  its  alteration-products,  dissimiDsted  throngh  the  whole 
mass,  make  the  reaction  here  a  striking  one.  It  is  noteworthy 
that  the  more  weathered  phonolites  give  only  slight  gelatin- 
isation,  since  the  minerals  which  thus  easily  yield  their  silica 
have  been  already  attacked  by  circulating  waters  (see  Zirkel, 
fetrographie,  1866,  Bd.  ii.,  p.  196). 

Specific  Gravity. — Near  2'fiff, 

Typical  Atmiyitt. — A.  Nepheline- Phonolite.  Marienbarg,  near  Anede, 
Bohmnia.     Rammelsberg,  quoted   by   Rotfa,  BatrSgt  mr  Pttrofp:,  167^ 

*  Klaprotli.  JMoimU.  der  £«Hifl.ii(ut,  1801. 
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Dewribed  by  Mr.  8.  AUport.     3n  kbo  Oeai. 
Hag..  1874,  p.  463.' 

C.  NepheliaB-NaaMU-SadaliM-Photiolita.    Black  HilU,  D«koti>     BvU, 
U.S.  OtoL  Sun,.,  No.  148,  p.  114. 
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II.  The  nepheline,  though  often  abnndajit  and  porphjritic, 
ifl  very  seldom  clear  and  fresh.  The  form  of  its  sections,  even 
in  the  earthjr-brown  decomposed  state,  makes  it  resdiiy  reooj;- 
nisable.  The  hexagonal  sections,  vhich  are  isotropic,  must  not 
be  alone  considered,  since  they  mar  easily  resemble,  in  their 
altered  state,  the  common  sections  of  nosean. 

The  felspars  and  the  groundmass,  which  contains  commonly 
soUsrangite,  need  no  remark  (see  ordinary  Trachyte).  The 
nepheline  may,  however,  occasioi^ 
ally  occur  as  minata  rectangular 
and  hest^onal  sections  in  the 
grotmdm&ss  itself,  and  entangled 
in  the  felspar  mesh.  Even  in  this 
truly  microscopic  condition,  the 
regularly  grouped  enclosures  may 
of&Q  be  detected  in  the  crystals. 

Sphene  is  a  common  accessory 
oonstitaent.  The  presence  of 
nosean  or  lencite  linb  nepheline- 
trachyte  with  the  varieties  which 


fig.  34.  —  Nepheline  -  Tnuihyte 
(PhanoUte),  BrUi,  Bohamttb 
X  3fi.  n,  Nephelioe,  in  reoton- 
gnlttr  and  hexagonal   seationa, 


folloi 


L  E  u  CITE  -  Trachtte  (  Leccite- 
Phosolitk). — Herethepotash  pre- 
dominates largely  over  soda,  but, 
■bowing  zoning,  o,  Orthoclasa  perhaps  from  a  deficiency  of  ailioa, 
(iMiidine).  in  Dnmerotu  needles  leucite  oocupies  part  of  the  place 
Kjd  m  itellM  group^Dwk  taken  by  oVthoSase  in  ordinary 
green  patches  ( ■od»-pyroiepe)      trapj,yt«B. 

I.  The  leucite  is  often  visible 


I   the   hemicrjitalline 
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only  with  die  microscope.  The  rook  has  a  less  compact  and  more 
cKrthy  texture  than  the  typical  nepheline-trachytes.  Noseau, 
in  dull-looking  or  dark  altered  cryst^,  is  veiy  often  present. 

IX  The  almost  circular  sections  of  the  clear  aad  soaroely 
altered  lenoite,  unless  very  minute,  readily  strike  the  eye. 
They  are  sometimee  distributed  almost  regularly  through  a  dull 
groundmasB,  and  at  the  first  glance  resemble  vesicles.  The 
oharacteristic  enclosures  are  better  seen  in  the  small  than  in 
the  large  porphyritic  crystals.  Hexagons  of  noaean,  and  some- 
times nepheline,  an  frequent  accessories. 

NOSBAX-  or  HAe-YNB-TEACHYTB  (No8BA1I-Phonoi.itk). — The 
dull  sections  of  the  felspathoid,  aometimea  earthy-brown  when 
nosean,  sometimes  almost  blue-black  when  hanyne,  are  com- 
monly visible  on  the  surface  of  the  rock,  and  are  easily  detected 
nniler  the  microscope.  The  nosean-nepheline-tracbytes  resemble 
grey  compact  typical  phonolite  (as,  for  example,  the  only  known 
British  phonolite,  from  the  Woti  Rock,  Comw^).  See  analysia 
B.  The  noaean-leucite-phonolites  are  typically  of  looser  and 
more  earthy  texture.' 


III.  Andesites  sich  IV  SibiOA  (Rhtolitio  Akdesites). 

This  group,  in  which  the  excess  of  silica  may  or  may  not  be 
developed  as  quartz,  corresponds  to  the  qnarts-diorites  and 
quartz-aphanites.  But  the  latter  probably  form  a  lai^er  group, 
owing  to  their  having  been  developed  in  many  cases  as  qnartzose 
"  epidioritea "  from  rocks  in  which  the  percentage  of  silica  was 
originally  lower.  Very  many  glassy  rocks,  however,  that  have 
been  classed  with  rhyolites  have  porphyritic  crystals  of  plagio- 
claae  ]  and  their  chemical  composition  would  lead  one  to  conclude 
that  little,  if  any,  orthoclase  would  be  developed  if  the  whole 
mass  became  holocrystalline.  Such  cases  must  be  worked  out  in 
the  field  and  correlated,  if  possible,  with  holocrystalline  types.  As 
Mr.  Diller  and  Prof.  Judd  have  shown,  the  proportion  of  por- 
phyritic crystals  to  glass  is  a  very  important  element  in  these 
oouBiderations,  and  a  hand-specimen  from  one  part  of  a  rock-moes 
must  be  referred  to  andesite  rich  in  silica,  while  another,  with 
more  crystals,  msy  be  a  normal  or  even  basic  andesite.* 

The  characters  of  the  rocks  of  this  group  are  so  much  the  same 
«■  those  of  the  andesites  which  follow  that  separate  description  is 
unnecessary.     Quartz  grains,  often  corroded,  must  be  looked  for 

*  DiUer,  Seieiux,  vol.  in.  (ISM),  p.  603,  and  Jndd,  "Natural  HUtoty  of 
C^TM,"  OtoL  Mag.,  188S,  p.  4. 
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(m  in  the  "  DocitBB,"  bo  n&ined  by  BtaoLe,  aSter  Daois).  There  is 
ft  greater  tendency,  moreover,  to  the  formation  of  glauy  types 
than  is  the  cue  among  normal  andesites.  The  mudi  altered 
forma  vith  free  qnarti  are  often  called  "  Quartz-Forphyrites." 

It  mtut  be  remembered  that  "  Quartt-Andeaitee  may  occur 
irhich  scarcely  fall  within  thia  group,  the  bnllc-analyaiB  yielding 
perhaps  only  61  per  cent,  of  ailioa.  Others  seem  merely  to  have 
picked  ap  foreign  qnarts-graina  in  their  passage  to  the  surfaoe. 
The  quartz  in  each  cases  is  surrounded  by  a  green  envelope  of 
granular  pyroiene, 

iSpeeifie  Gravity. — About  2-66. 

Typicai  AMUt/>a.—k-  "Daoite."    Kls  Ssbea,  Trannlvuiia.     Doelter, 

Techirm.  Millheii.  (JaAH).  d.  peoL  AcKfennit),  1S73,  p.  92.     Biotite,  Honi- 

blcuds,  Angite.     A  little  ^amduu. 

B.  Eypenthene-Aiigite-AndeBite ;  pmnioaoni  form,  the  glua  forming  90 

per  cent,  of  the  whole  bulk.     EnkaUia.     Winkler,  quoted  by  Jndd,  Boy. 

Sue,  Kraiatoa  rq?ort,  part  i,,  p.  32. 

A.  B. 

SiO|     ......        66-33  68-99 

TiO, 0-82 

A1,0, 14-33  Ifl-OT 

FetO, S-S3  2-6S 

FeO 0-SS  1-10 

HnO 0-28 

CaO 4-64  316 

MgO 2'4S  1-OS 

E|0 1-61  1-83 

NaiO 3-90  4-04 

LoM  <m  ignition   >        *        •        •  1  '13  omitted 

100-16  100-00 

IT.  Andkbitb  Group. 

The  name  Antleaite,  which  was  used  for  certain  lavas  of  the 
Andes  by  von  Buch,  was  resuscitated  in  1861  by  Roth*  for 
rooks  between  trachyte  and  basalt,  consisting  of  oUgoclase  with 
amphibole  or  pyroxene. 

The  group  is  a  very  large  one,  its  members  being  among  the 
oomraonest  lavas  met  with ;  and  two  sub-groups  suggest  uiem- 
selves,  which  oS  course  shade  into  one  another,  but  which  will 
serve  to  emphasise  the  difference  of  type  at  opposite  ends  of  the 
series.    See  also  p.  349. 

*  Hit  OetUmtaaiaiyai,  p.  xlv. 
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The  first  sub-gronp,  called  here  "trachjtio  ftndesites,"  oor- 
rMponds  to  diorites  rich  in  aodo.  The  second,  the  ''basalUo- 
Midesiies,"  coireBponds  to  the  pyroxeae-dioriteB  with  buic  fel- 
spars, and  thns  to  the  balk  of  "gabbroB  withont  oliTiae." 

Svi>-groi^  1. — TrEUthytic  AndestteB.  Strueiure—IAkn  trachyte. 
Oommonl;  |K>rphyntic.  Gon*UtttenU — 1,  Flagioclase  (commonly 
Oligoclase) ;  2,  SodvAugit^  Hornblende,  or  Mica.  Sometimes 
Bhombio  Fyroxena     Lithoidal  to  glassy  groondmaas. 

I.  The  marked  feature  of  the  andesites  is  the  absence  of 
OrthooliiBe;  in  this  sub-group  the  striated  oligoclases  are  abun- 
dant and  the  ferro-magnesian  cooatituente  are  leas  important. 
The  groandmast  is  characteriaticalljr  trachytic;  colour  on  the 
whole  dai'ker  than  in  trachyte.  Sphemlitic  and  other  structares 
characteristic  of  the  more  glassy  rocks  are  rare. 

The  much  altered  and  older  examples  (many  of  the  "Por- 
phyrites")  are  topically  brown-red  and  almost  earthy  in  appear- 
ance.    Search  shoald  be  made  in  the  field  for  the  least  aJtered. 

Speoi/u  Orsmi^.— About  3-76. 

Tj/picai  At>alv»at. — Poor  Id  maoneaia,  and  fajriy  rioh  in  alkalies, 

A  fiomblenoe-Andeaita.    WoIkonbiirK,  Siebenirebirim.    Biscfaof,  Lehrb^ 

d.  Otol.,  I  AnfL,  Bd.  ii.,  p.  2181. 
B.  Hornblende- Andoiite  with  Angtte,     Pay  de  Lonohadibra,  Autm^s. 

Ton  LaMDlx,  Xeua  Jaltrb.JUr  Mm.,  1869,  p.  708. 


Al,  O, 16-88 

Fe,0, 7-33 

FeO 

CaO 3-49 

HgO 0-S2 

EiO 2-H 

Na,0 4-^ 

LoM  on  ignition  and  H|  O        .        .  O'ST 

9913 


IL  The  broad  Beotions  of  felspar  that  characterise  this  type- 
of  andeslte  are  often  as  fresh  and  clear  as  sanidine,  but  show 
bsautifitl    twin-lamellation.     The  glassy  groundmaas  has  com- 
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inonly  penetrated  them  and  worked  &r  into  their  interioti,  the 
—  corrosion  spreading  easily  along 

the  planes  of  oomposition  of  the 
twins.  The  extent  to  which 
these  plagioolaaes  have  yielded 
to  the  attack  of  the  magma  u 
a  feature  of  great  interest ;  and 
the  eztemfil  matrix  has  often 
become  dnll  by  the  develop- 
ment of  crystallites,  while  the 
intruded  portions  have  preserved 
a  purely  glassy  character. 

The    hornblendes    or    micas, 

'^aio,  suffer  by  the  development 

^-   36--Homblend«-AndMitB     ^f    ^    opaque    black    margin, 

^^K^^^iotf  t^     and  son^etimes  remain  a.  black 

ft,     Brown     honiblend.^       p,      granular  pseudomorphs. 

Flagiodaae,   often    mach    oor-  Richbrownbiotiteisi^inand 

rodel   by   tbe    rI&u   aronnd.      itgain  associated  in  these  rooks 

FluidalhuniorystoUmegroniid.      ^j,j  hornblende.      The  typical 

pyroxene  is  very  pale  green  and 

is  probably  soda-augite ;  and  rhombic  forma,  generally  poor  in 

iron,  may  appear. 

The  groundmass  is  brownish  and  trachytic  in  appearance.  The 
glass,  where  traceable,  is  pale  and  almost  colourless.  Evidence! 
of  flow  are  less  frequent  uian  in  ^e  trachytes. 

The  "  Forphyrites "  (altered  andesites)  of  this  aub-gronp 
show  typically  a  brown  earthy  matrix,  often  with  green  pseudo- 
morphs after  biotite.  The  hornblende  and  pyroxene  have 
commonly  become  completely  decomposed,  leaving  colourless 
areas  bounded  and  traversed  by  strong  opaque  bands,  which 
Hre  formed  by  the  iron  oxides  separated  out  along  the  cracks 
and  on  the  margins  of  the  original  crystals.  Tbe  glass  of  the 
groundmass,  and  that  intruded  into  the  felspars,  can  sometimes 
be  traced  as  yellow  areas  occupied  by  decom  position-products, 
which  resemble  serpentine  between  crossed  nicols. 

Svb-grovp  2. — Basaltia  AndesiteB.  Typically  Fyroxene-Ande- 
■ites.  "  Basalt  withont  olivine  "  comes  here,  when  there  is  about 
50  per  cent  or  more  of  silica,  ^triwriure— Lithoidal ;  sometimes 
with  glassy  interspaces  between  the  cryatala.  Constituents — 1, 
Flagioclase  (Oligoclase  or,  probably  more  often,  Labradorite) ;  2, 
Augite  or  Rhombic  Pyroxene;  more  rarely  Hornblende  and  Mica. 
.Magnetite  is  conspicuous.  Lithoidal  to  glassy  groundmass. 
I.  In  appearance  these  rocks  are  darker  and  oompacter  than 
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those  of  th«  preceding  snb-groap,  and  approaoh  the  basalta  in 
texture,  becoming  even  bl^k  and  notably  heavy.  The  rock 
tends  to  break  conchoidally,  and  a  Bpheroidal  straotnre  in  the 
mass  is  not  nncommon,  'which  is  developed,  with  onion-like  effect, 
by  feathering.  The  porphyritic  crystals  of  plagioclase  are 
often  accompanied  by  well  developed  pyroxene,  tne  stoat  black 
prisms  of  which  stand  oat  on  the  sor&oe  amid  the  deep  brown 
groandmaas. 

The  mass  of  the  rook  appears  mioroorystalline  to  the  eye  and 
lens,  the  small  rod-shaped  felspar  prisms  being  often  discernible. 
It  is  scratched  by  the  knife,  leaving  a  light  streak.  When 
maoh  glass  is  present,  dark  areas  appear,  with  a  quartK-like 
aspect  and  oonchoidal  fracture,  between  the  crystals,  and  the 
whole  rook  may  have  a  speckled  vitreons  lustre  when  turned 
about  in  the  band.  Sphemlites,  banding,  &c.,  are  rare;  and 
Bcoriaceons  rather  than  pumioeons  structure  accompanies  the 
examples  gathered  from  lava-streama 

The  much  altered  types  (part  of  "  Porphyrite  "  and  "  Diabase  "> 
are  commonly  reddish,  like  those  derived  from  the  trachytic 
andesites ;  or  compact  black,  like  many  of  the  rocks  styled  by 
Brongniart  "  Uelaphyre,"  *  a  number  oi  which  must  come  into 
this  sub-group. 

Specific  Oramity. —AhoMt  2-75  to  2-9. 

Typicai  ^nolyfu.  — Richer  io  lime  and  mugneda  and  poorer  in  alkalies 
than  preceding  anb-gToup. 

A.  Augite-AndesiM.  TuogaroKoa,  Andes.  Artop£,  quoted  by  Roth, 
Btitriiet  uu-  Peirogr.,  1873,  p.  ilvi.-t 

B.  Eypersthene-Augite-Andeaite,  Bnffalo  Peaks,  Colorado.  Hillebrand, 
B«U.  U.S.  QtoL  Suney,  No.  I,  p.  26. 

C.  Ausite-Aiidesite  ("Baialt  without  olivine").  Hals,  Iceland.  Oenth, 
Jan.  d.  Chan,  «.  Pharvi.,  1848,  p.  23. 

A.  B.  0. 

SiO,  .  .  .  .  58-35 
Al,0,.       .       .  1674 

Fe,  0, 

FeO  ....  «71 
HdO  .       .       .       .         O'M 

CaO  ....       esi 

MgO  ....  4-84 
KjO  .  .  .  .  1-lB 
NatO,  .  .  .  4-69 
S,0  ....  0-31 
P«o. 

CI         ...  .  ...  UtlUf 

100-IT  Oe-MI  100-39 


H'190 

66-«2 

16117 

16-06 

4-919 

4-433 

18-i8 

6-996 

6'-M 

4-601 

4-21 

2-368 

0-90 

2-961 

2-fil 

1-028 

0-266 

0-022 

..'. 
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Compare  description  of  olirine-basalU,  p.  267. 

n.  In  sections  the  prominence  of  pjrozene,  whether  pale  or 
strongly  yetlow-bromi  and  purple-brown,  and  the  comparatiTe 
lack  of  hornblende  and  mica,  strike  the  eye  at  onoe.  The  latter 
minerals  are,  in  fact,  tTpicallj  absent. 

Augite  oconrs  porphyritically,  and  has  developed  abundantly 
in  the  groundmass  in  the  more  basic  types  ("basalts  without 
oliTine"),  occurring  there  as  grain-like  crystals  between  rod- 
shaped  felspars;  the  rock  passes,  by  exclusion  of  the  interstitial 
cryptocryst^line  matter,  into  typic&l  "  dolerite  without  olivine." 
Enstatite  or  hypersthene  is  common  (fig.  86,  A). 

The  plagioclase,  when  porphyritic,  is  freely  corroded,  pre- 
seiring  a  general  prismatic  outline,  though  the  interior  may  be 
largely  replaced  by  a  maze-like  structure  of  brown  glass.  As 
above  remarked,  a  mesh  of  rod-shaped  plagioclases  developes  in 
the  groundmasB  in  the  most  basic  types. 

In  some  mrieties  of  andeeit«  from  near  Tetschen  in  Bohemia 


Fig.  36— A,  Pyroiene-Audesite  (baaaltio  type).  ___, 

14.    p,   PIftgioclMo.     r.p.   Rhombic   pyroxene   (enBtatite).     __ 

magnetite  occur.  Dork  hemicryatamae  E;roundniiiB9.  B,  Qlai^ 
PyroxeDS-Atidetite  (basaltic  t^ie).  Dyke,  Eskdale,  DumMea.  x  40. 
a,  Giunnlar  angite,  often  Bet  with  radiating  mioroliteB  from  the  glaa^ 
groundmass.  p,  Plagioolasa  in  variooi  atagss  of  growth,  often  witA 
characteriatia  bifnroating  and  incomplete  tflrmiaations.  Magnetite 
occnra.  Thii  rook  exhioita  the  clear  brown  interatitial  glas*  t7Pi<*l 
of  man;  continental  angite-andMitea  and  "  porpiiyritea." 

the  felspar  ia  mainly  in  the  cryptoorystalline  groundmass,  in 
which  abnad&nt  microlites  of  brown  hornblende  have  developeiL 
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The  porphyritic  crystals  are,  on  the  other  hand,  large  aagitea, 
with  very  pronounced  idomorphic  characters  in  section.  This 
rock  will  serve  to  show  how  removed  the  basaltic  andesites  ma.j 
be  from  the  traohytio  type. 

The  groundmass  is  oharsoterietically  brown,  with  at  times 
flkeleton-cryatals  (cross-like  forms)  of  magnetite.  When  com- 
pletely glassy,  it  is  a  warm  transparent  brown  (fig.  36,  B),  in 
which  the  well-defined  crystals  of  the  final  consolidation  lie. 

When  the  groundmaas  appears  filling  the  interatices  of  the 
felspar  mesh,  it  is  described  by  Boaenbuscb  as  "  intersertaL" 
Were  it  now  to  become  converted  into  large  crystals,  it  would 
often  resnlt  in  an  ophitic  straotore,  since  its  composition  must 
often  be  near  that  of  a  pyroxene,  the  felspathic  matter  having 
been  withdrawn  from  it.  In  the  same  rock-section  the  structure 
of  a  basaltic  andesite  with  a  felspar  mesh  may  be  seen  in  one 
part,  and  that  of  ophitic  dolerite  in  another  (compare  fig.  39). 

The  "Porphyritea"ofthiB  sub-group  show  a  yellowish  substance 
in  the  place  of  any  original  gloss.  The  rhombic  pyroxenes  are 
decomposed  to  green  fibrous  forms;  the  augites  are  often  replaced 
by  chlorite,  and  the  felspars  in  large  part  by  calcite.  Specks  of 
caloite  may  also  appear  throughout  the  groundmass. 

Varielia  o/Atuusite. — Beyond  the  above  broad  divisions  of  the 
andesites,  we  may  expect  the  following  varieties : — 

Nbfhbliiib-Andesite  (Nkphblinb-Txphbite). —The  "  Teph- 
rites*'  are  a  pU^oolMe«;ries  parallel  to  the  phonolites,  and 
commonly  oontauung  soda-angite.  The  name  is  unfortunate,  . 
since  the  old  "  T^hrinea"  are  rarely  "  tephrites"  in  the  restricted 
sense  of  Rosenbuach,  being  mostly  rough  ^y  andesites. 
"  Baaanite  "  of  Bosenbosch  is  a  tephrite  with  olivine ;  such  rocks 
wOl  be  classed  here  as  varieties  of  olivine-basalt.  The  "basanite" 
of  Brongniart  (1827)  was  merely  a  porphyritio  basalt.  A 
"tephrite'  is  practically  an  andesite  with  part  of  the  felspar 
replaced  by  a  ielspathoid  (p.  347).  The  nepheline-andesites  seem 
rarer  than  the  nepheline-trachytea.  The  silica  sinks  to  about  50 
per  oent. 

Lkdoitx- Andesite  (Lbuqite-Tephbite).  —  The  leacites  are 
often  conspicuous  on  the  surface  of  the  rock,  as  in  the  fine 
example  from  Ciritjl  Oastollana  near  Yiterbo. 

NosEiK-  or  HaOtitb-Akdesite  (Nobear-Tephkite). — Hailyne 
is  more  prevalent  than  nosean,  doubtless  owing  to  tLe  presence  of 
lime  rather  than  soda  in  the  molten  rock.  A  very  fine  example 
is  the  so.cal]ed"HaUtnophyre"of  Kelfi;  some  parts  cf  this  rock, 
with  only  13  per  oent.  of  silica,  cannot  fairly  be  ranged  as  andesite. 
.Vote  to  fJU  Jiufffi^a.— PaoFILin.  luod  by  ton  Bichlhofen  for  tbe  oldest 
Tortiory  Midaut^i,  hai  b*sD  revivtd  by  RoMiibiuiilt  for  thosu  fbrmi  in 
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whiob  altarataiai  hu  baen  dne  to  Milf&tuia  ladoii.  The  typioJ  propjIiM* 
in  thii  wnM  tm  MnpaAt  givj  rooks  in  whioh  th«  honiblandB  and  Inotit* 
an  converted  ioto  jtreen  oElontio  pMndomorpha,  while  the  felmn  have 
olt«n  given  riae  to  apldote.  Ina-pjrlt««  la  In  aome  oaaaa  aSimduitlj 
derelopedinminntafpaddingoiTBtalathnnighont  the  rook.  Toioearately 
diatlnsniah  betweok  thii  kind  of  alteialioD  and  that  of  the  ordinarj  - 
"porphyritea"  Teqoirei  oarefal  atndj  on  trpit  uTamplita  For  praUmiiiaiT' 
porpoae*  neither  name  need  be  naed,  "alMred  amuaite"  being  anfficieot 
and  oomprehenuTo.  The  Propylitea  have  been  fnlly  diaonaaed  by  Prof. 
Jndd  (Quart.  Joum.  BtoL  Soc.,  voL  ilvL,  18B0,  p.  341). 

Supflbmsnt. 

A  Bomewbat  interesting  group  of  rooks  &lls  here,  the  hemf- 
dyBtalline  NepheUsites,  LendtiteB,  &o.,  vrhicli  are  muoh  better 
known  thfta  their  holocryatalline  representatives.  As  Prof. 
LawBon  has  suggested  (see  p.  223),  orthocloae  may,  in  the  latter, 
sometimes  represent  the  leucite  of  the  lava-type  ;  and,  similarly, 
other  feUpars  may  represent  the  other  felspathoids.  Structure — 
Oommonly  porphyritic,  with  a  trachytio  aspect.  ConttUtienta — 
1,  Nepheline,  Nosean,  Haiiyne,  or  Leaoitej  S,  Pyroxene,  Amphi- 
bole  or  Mica.     Lithoidsl  to  glassy  groundmass. 

I.  The  absence  of  felspar  may  not  persist  throughoat  the  same 
rock  mass,  and  a  Nephelinite  may  thus  graduate  into  a  Nepheline- 
andesite. 

A  wftll-known  exsjnple  is  the  Lencitite  of  Selberg,  near 
Rieden  in  the  Eifel  (fig.  37),  with  lenoite,  nosean,  minuto 
liaiiyne,  and  soda^ugite. 

Its  mean  analysis  is  as  fbllowB : — Nosean-Leucitite.  Rieden. 
Vom  Bath,  Zeittehr.  d.  d.  geoL  Getell.,  1864,  p.  97. 

SiOi 4S-3S 

Ai,0 16-es 

FaO 6-a 

CaO 7-82 

MgO 1-83 

KtO 6-03 

NatO S-43 

SO. 1-68 

CO^        .......         1-10 

a 0-26 

HjO 1-M 

101-38 
In  proportion  of  silica  these  rooks  resemble  the  basic  and 

nltraMsio    series,    while    in    alkalies    they    m&y    surpass    the 

pbouolites. 

H.  The    pyroxene    is   a    green   soda-angite,   often   markedly 

pleoohroio,  or  a  brown  augite,  as  in  the  baiiyne-augite  rook  of 


Ciooi^lc 


HIMICRT8TALLIBI  lOHBOOB  BOOKS.  25T 

Ifcndorf;  the  former  type  ia  oommon  ia  rocka  of  a  trachytio 
cbarftcier,  &nd  the  l&tter  io  those  of  diatinctlj  basaltic  aspect. 


T.  Oliti HE- Basalt  Qboof. 

If  we  remove  the  few  rocks 
of  basaltic  type  in  which 
olivine  is  not  present  to  the 
sub-group  of  the  basaltic  fiQ 
oadeaites,  the  present  groap 
might  bear  simply  the  old 
name  "Basalt."  To  avoid 
any  miscoQoeption,  how- 
ever,   we    add,    as    in    the 

case  of  the  holocrystaliine  ^  ST—Nowaa-Lenoitite.  &ed«. 
representottves,  the  prefix  *  eIbL  x  7.  o.  Dark  green  pteo- 
"  olivine."  ohroie  wxla-an^tfl,  often  wd«i£    I, 

Olivine- Basalt — Btm^  Lmicit«,b(iladmgBmftUKkU'aagitM 

tore  — Lithoidal;    in    parts  Ml^'^Ifl^jPl" '!i''y5!!lj"j 

.  u'i'  /^       Ja.  ^1  1  Ho—en,  with  darkened  and  eorroded 

ophitic         CoptMtJMtt —1.  i„rf^     HemioryeteUin.  groond- 

Flasioclaae    (commonly  La-  mui. 

braaorite  or  Anorthite).     2, 

Augite ;  Rhombic  Pyroxene  at  times,  bat  less  frequent  than 
in  the  basaltic  ondesites,  its  plooe  being  taken  by  olivine; 
Mica  OF  Amphibole  is  rare,  particularly  the  latter.  3,  Oli- 
vine. Magnetite  and  titanic  iron  ore  often  abundant.  The 
glassy  gronndmass  is  commonly  reduced  to  very  small  pro- 
portions. 

I.  The  rook  is  dark  and  oompaot,  often  absolntely  black  when 
fresh.  The  greyer  varieties  sometimes  simulate  limestones,  bnt 
their  superior  hardness  must  be  noted.  The  knife  produces^ 
however,  a  light  streak  on  sur&oes  of  basalt.  When  altered, 
tiie  rock  is  softer,  with  a  greenish  grey  or  brown  tinge.  The 
joint-surfaces  become  strongly  coated  with  brown  fermgiDona 
products,  and  a  spheroidal  struotnre,  as  in  basaltic  andesites,  is 
commonly  seen,  the  snccessive  crusts  of  the  spheroids  being 
removable  from  one  another  when  decomposition  nas  emphasised 
the  sarfkces  of  separation  between  them. 

In  the  field,  besides  this  stroctnre,  the  abundance  of  straight 
joints  is  noticeable ;  and  the  basalts  exhibit  the  columnar  structure 
in  the  most  perfect  manner,  the  base  of  thick  l&va-fiows  giving  rise 
to  large  and  more  regular  columns,  while  the  upper  portion  is  a 
mass  of  irr«galMr  and  curving  forms.    The  meeting  of  these  two 
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tTpes  of  oolninnar  rock  in  the  interior  of  the  UTa^ream  ooonra 
ftlang  a  plane  which  appeara  to  divide  the  mass  into  two  diatinot 
flows;  and  careful  field -examination  mnat  in  conseqnenoe  be  mads 
before  the  tme  apperlimit  of  aa  old  lava-atream  can  be  determined. 

Though  scoriaceooR  types  are  oomraon,  glusy  atmcturea  are 
Tery  rarely  encountered  in  basalts  in  the  field ;  but  the  craata  of 
■ome  recent  basio  lavae  provide  examples  of  spherulites,  perlitic 
iointiiur,  kc,  which  repeat  all  the  features  of  more  acid  types. 
The  "  vartoiite  "  of  the  Western  Alps,  Liguria,  ica.,  is  a  remark- 
able oBse  of  the  formation  of  snch  crusts  on  surfaces  of  basaltio 
andeaites  or  oliviue-basalts.  The  glass  of  Tariolit«  ia  now  lost 
by  secondary  devitrifioation ;  but  the  aphemlites  remain  oon- 
spioaoos,  and  form  on  weathered  sur&cea  the  pustular  markings 
&om  which  the  rook  received  its  ancient  name  {variola  =  the 
small-pox).     (Bee  p.  S67.) 

Basalt  dykes  fairly  frequently  ahow  remnants  of  glasa  along 
their  planes  of  contact  with  the  surrounding  rock ;  and  some- 
times this  material  has  a  distinctly  vitreous  lustre  and  a  thickness 
of  one  or  two  inches  (see  Tachytyte  in  division  C).  The  rock 
becomes  rapidly  more  crystalline  from  this  selvage  inwards,  until 
in  a  few  feet  it  may  be  practically  a  dolerite. 

The  minerals  of  compact  basal^  as  may  be  seen  from  the  classic 
research  of  Cordier  {p.  110),  are  difficult  to  determine  with  the 
eye,  although  the  lithoidal  mass  contains  but  little  glass.  The 
olivine  is  almost  invariably  porpbyritic,  but  is  lost  to  view  in 
the  dark  groundmass  on  decomposition.  When  fresh,  its  striking 
yellow-green  crystals,  contrasting  with  the  black  prisms  of  por- 
pbyritic augite  that  may  also  occur,  readily  call  attention  to  the 
basic  chamcter  of  the  rock. 

The  pla^ioolase,  when  porphyritio,  ia  often  tinged  faintly  green- 
ish, owing  to  the  general  alteration  of  magneaian  silicates  round  it. 

The  altered  olivine-basalts  form  part  of  the  old  "  Metapbyrea." 
Such  rocks  are  very  commonly  amygdaloidal,  owing  to  the  easy 
decomposition  of  the  basio  silioatea  and  the  formation  of  serpen- 
tine, Boolites,  calcite,  and  ohaloedony  in  all  the  vesicles  and 
oavitiea.  The  typical  colour  of  these  "melaphyres"  is  green 
rather  than  btsck ;  others,  with  ertensive  oxidation  of  the  iron, 
TesemUe  the  &miHar  brown-red  "  porphyrites."  When  the  lime 
has  separated  ont  as  caloite,  and  the  soft  mass  has  given  way  under 
pressure  and  become  shaly,  the  "  Schalstein  "  of  the  Qermana  is 
prodnoed  ("Spilite"  of  Brongniart).  Many  " achalsteins "  are 
derived  from  basaltic  andesites ;  others  from  various  basic  tufBk 

It  is  impossible  to  distinguish  between  many  sOKXdled  "olivine- 
djabases"  aod  "  melsphyrea." 

D.D.t.zea  by  Google 
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SpueifU  Gramly.—TSeta  S-S.    Lowered  by  altentioQ  to  about 
2-8. 

Ti/pieal  Anatyttt.—A.  B&tft-dodol,  Jan.    SUhr,  1672,  qnoted  b^  Roth, 
Btitrip  tw  Petrogr.,  1873,  p.  Ut.     DMoribed  by  RoBetibnRah. 

B.  Bbu,  BrnptifMi  of  leeS.     FtebM,  Ifeutt  Jahrb.Jlh- Jiiii.,  1866,  p.  713. 

C  Eiohelki^  H«aM.     a  Rotbe,  1868,  qnotad  by  Roth,  BeUrUge  z.  Peir., 
186S,  p.  ex.     Porphjritic  Olivine  vitibUL 

D.  Rol&ndieek.     Mituherlich,  ZtiUchr.  d.  d.  geol.  OueO.,  1S03,  p.  372. 
Porphjribie  Olivme  and  Angite, 

A.  B.  0.  D. 


SiO,    . 

H-M 

49-27 

46 '6S 

4417 

S,a: 

3  10 

146 

is-in 

18-54 

9-57 

14-69 

Pe,0,  . 

15-41 

6-98 

6-78 

FeO     . 

5-02 

14'42 

4-82 

HnO    . 

0-27 

CO     . 

9-82 

l6'-38 

8-58 

l6'42 

MgO    . 

3  84 

37« 

lO'OS 

9-47 

kJo   . 

0-W 

2-S3 

1-76 

1-75 

NmO  . 

1-07 

3-45 

2-69 

2-B6 

HiOondlea 

enl 

gnitic 

n       1-31 

206 

2  50 

100-08      100-22        09-05        09-01 

IL  Typical  sectionB  of  oliTJDe-bMalt  ehov  porphyritio  olivine 
(fig.  38),  HomBtimes  with  parple  or  brown  aagite,  in  a  ground- 
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Rg.  33.— Banlt.  Llon^  Haimch,  Aithor'a  Seat,  Ediubargh.  x  a  a, 
Angite.  of,  Olivine,  klteriag  along  anHka  into  pale  p«en  aerpentine. 
V,  Plagioelaae,  often  corroded  by  the  gronndmasa.  Some  magnetiW. 
Hemicryatalline  groundnuaa,  in  whicb  the  glaaa  is  mnch  reduced  by 
the  abnndant  development  of  mlcrolitea  of  pllgioolaae  and  angite. 
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mass  formed  by  a  mesh  of  plagioolose  with  interstitial  aagite 
granules.  Close  inspection  with  high  powers  reveals  traces  of 
glaaa,  containing  magnetite  (in  skeletoa-formg)  and  little  globular 
or  rod-like  crystallites.  This  gloss  is  sometimes  colourless,  some- 
times earthy-brown  and  full  of  dust-like  crystallites.  The  small 
proportion  which  it  commonly  bears  to  tbe  crystals  is  in  itself 
evidence  of  the  basic  character  of  the  lavas  of  this  group. 

The  oliviue-basalts  easily  pass  into  ophitio  or  ordinary  dolerites 
(£g.  39). 

Magnetite  or  titanic  iron  ore  is  commonly  well  developed ; 
sphene,  except  when  represented  by  the  alteration-product 
"leucosene,"  is  absent. 

Rhombic  pyroxene  becomes  rare  as  the  olivine  increases.  A  very 
pkochroic  pale  biotite  is  occasionally  met  with ;  but  hornblende 
is  particularly  rare.     The  soda- 
augites  are  naturally  absent,  but 
may   rc-appear  in   the    boAalte 
containing  nepheline,  &c. 

In  the  luure  altered  types 
("  mela|>hyres ")  the  paeudo- 
morphs  after  olivine  must  be 
looked  for,  and  appear  yellow- 
brown,  olive-green,  or  almost 
black  through  separated  iron- 
oxide.  A  quantity  of  isotropic 
to  cry ptocrystal  line  green  or 
yellowish  matter  occurs  between 
the  felspars,  representing  altered 
pyroxene  and  glass.  The  former 
extent  of  the  glass  is  thus  very 
often  difficult  to  trace.  Epidote 
and  calcite  arise  freely  in  these 
types,  and  zeolites  form  hand- 
some fibrous  aggregates  in  the 
cavities. 

Variel  es  of  Olivine-Sasalt. — 
Basalt  rich  in  Olivink.  In 
some  of  these  rocks  the  olivine  is 
seen  to  be  very  abundant  when  a 
hand-specimen  is  examined,  tbe  yellow-green  porphyritic  crystals 
being  conspicuously  set  in  a  dark  groundmass.  In  others,  as  at 
Dreis,  Eifel,  nodules  of  olivine  and  rhombic  pyroxene,  some  6  cm. 
in  diameter,  lie  embedded  in  a  normal  compact  basalt. 

Nepbxline  -  Basalt    ("Nepheline-Basanite"    of   Rosen,- 


oi 


Dolerite.  Tobennon,  Hnil. 
X  20.  a,  A(int«,  aevebped 
uMwid  the  feb^ra  in  Urge 
ophitic  cryBbtls  without  defined 
□ntliDes.  In  other  places,  to 
right  and  left,  the  hemicrystal- 
line  boaaltic  groundmau  b  seen 
in  the  intenticea  of  the  feUpar 
meah,  ot.  Olivine,  p,  Plagia- 
clase ;  amall  priBmatic  hahit 
cbursct«riatic  of  baaalt».  Mag- 
netite alao  oconrs. 
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buHoli). — In  conformity  with  the  common  nystem  of  nomenclature, 
■ve  imply  by  this  term  e,  basalt  which  ooDtaina  nepheline  in  addi- 
tion to  its  ordinary  conatitueats. 
The  telspar  ia  likely,  however, 
to  be  diminishad;  and  when  its 
place  is  entirely  taken  by  nephe- 
line we  have  an  olivine-nep  he- 
Unite. 

Led  ciTK- Basalt  ("  Lencite- 
Basanite "  of  Roaenbuacb). — 
This  is  a  common  lava  of  Vesu- 
viua.  The  leucites  are  typically 
oonapicuouB  and  porphyritic, 
the  plagioclaaea  being  smeJl  and 

rod-like    in    the    eroundmast.    „,    ,„     ,      ..„,,,. 
OlivmeiB  not  abundant.      The         «   ^jg.   „,  Augite,  inonein.hmoe 
colour  vanea  from  grey  to  black.  Bmroundod  l>y  smaU  lencitra. 

Some    leucite- basal ta,     how-  I,  Lendta  ;   two  Urge  crritala 

ever,    are     like    the     ordinary  li"  i"   ""«  "pper  part   of   the 

olivme-bearing  types,  and  the  ^*}^    p  Pl«i~Ia«,«««i.tad 

,        ..  1      .      L      J  .     i   J  With  small  leucite»  ui  the  dark 

leocite   18   only  to  be  detected  glawy  gronndmaM. 

by  the  microacope. 

Twp'KxU  AiuUysit.—Ija,Yi,  of  Veanvini,  18S7-68.  Specific  gravitf,  2-791. 
Fnchi,  JVrTM*  JahrbutkfUr  Mm.,  lS6tf,  p,  79. 

SiO, 46-94 

Al,Oa 21-35 

Fe,  0, 7-27 

FeO 4-96 

MaO traoa 

CaO »-69 

MgO 3'78 

K,  0 6-67 

NaiO 1-62 

101-18 
Hauykb-Basalt. — Many  rocks  so  described  may  be  classed  tw 
baiiyne-andeaitea.     The  hauyne  may  be  porphyritic,  or  may  be 
minutely  diatribated  in  the  groundmaas  in  the  place  of  prisma  of 
felspar. 

SUPFLEHKHT. 

The  OUvlne-Nephellnttes,  OUTine-Lencltites,  &c.,  form  a  small 
group;  but  there  are  aome  singular  rocks  among  them,  notably 
the  so-called  "  Uelilite-Basalta,"  whicb  conaiat  largely  of  melilite 
and  olivine.  They  yield  only  30  per  cent,  of  ailica,  and  am  thus 
extremely  nltraba«ia; 
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Melilitocaonot  be  regarded  as  ^common  rack-forming  mineral; 
bat  it  may  be  Been  in  the  bollows  of  some  lavas  with  the  naked 
eye  as  well  developed  brown  and  gummy-looking  tetragonal 
priama.  At  Capo  di  Bove,  near  Bome,  there  iB  a  remarkable 
Java,  with  46  per  cent,  of  silica,  in  which  the  melilito  opbitically 
encloses  amall  leacites.  In  sectione,  the  melilite  thus  appears 
as  a  colourless  to  pale  yellow  ground,  with  a  refractiTO  index  as 
high  as  that  of  topos.     In  other  rocks  it  may  be  prismatic. 

LimbnrgitB  (Rosenbusch,  A'euea  Jahrb.  /w-  JUin.,  1872,  p.  35, 
ft'om  Iiimbnrg  in  the  Kaiserstubl  area,  near  Freiburg-im- 
BreiBgau.  Synonymous  with  Mohl's  "  Magmabasalt"). — Strveture 
— Litboidal  to  glassy,  with  porphyritic  ferro-magneeian  minerals. 
Coneliluenis — 1,  Pyroxene;  2,  Olivine.  Magnetite,  titanic  iron 
ore,  and  apatite  are  very  common.     Lithoidal  or  glassy  ground- 

I.  This  rook  graduates  in  the  field  into  one  in  which  felspar 
hoa  developed,  and  Prof.  Bonney  has  recently  shown  (Gsol.  Mag., 
1901,  p.  412)  that  its  trne  allumce  b  wi^  the  oli vine-basalts. 
The  rock  of  Bolandseck  (anatysiB  on  p.  269)  provides  a  link 
between  the  latter  and  the  nltrabasic  limbnrgites.  Limburgite 
differs  from  ordinary  ultrabasio  rocks  in  the  low  percentage  of 
magnesia.  Eosenbuscb's  "Augitite"  ia  a  limburgite  without 
olivine 

Specific  Gravity. — A  ratber  glassy  example  gave  BofienbuBch 


Typicai  AnalyU. — Limtnug.     Bosenbuioh,  he.  ctf.,p.  64. 

SiO, 42'7S 

TiO, 0-28 

AijOj 8-aa 

Fe  0 17-96 

MoO -98 

CaO 12-29 

MgO 10-06 

K,0 0-62 

Na,0 2-31 

HjO 3-96 

99-87 

n.  In  seotiona  the  glass  is  strongly  brown,  and  may  contain 
numerous  skeleton-crystals  of  msgnetite.  The  abundance  of 
porphyritic  crystals  of  augite  is  the  most  striking  feature. 
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VI.   HKHICBYnALLUIK   FiBIDOIITE   QsODP. 

Oving  to  the  ready  orTstalliMtion  of  peridotitfr-magiDu,  tb«i« 
rocks  ftre  little  known,  &nd  require  a  determiiuAioa  of  at  laut 
silioa  and  mmgaeum  for  their  oorreot  appcaoiatiaaa 

C.  Highly  aiftBsy  Books. 

In  the  field  there  is  little  difficulty  in  comparing  with  tbeir 
litboidal  relatives  rocks  in  vhich  the  constituents  have  not 
sapuHted  oat  from  the  glauy  in«Lgni&  Bnt  anch  rocks  in  iaolated 
h»Dd-BpeciineQB  are  incapable  of  accurate  determination.  The 
porphyritic  crystals,  belonging  to  a  previooa  period  of  consoli. 
dation,  may  be  widely  scattered  and  afford  no  due.  Chemical 
analyaia  of  the  glass,  with  or  withont  the  crystals,  or  even 
ordioary  fiame-reactioniS,  will  give  a  fair  idea  of  the  potentialities 
of  the  individoal  ipecimeti;  but  the  holocryatallino  type,  of 
which  it  ia,  perhaps,  merely  a  selvage,  may  prove  to  be  of  mors 
baaio  character  than  the  glasa  itself  anggesta.  When  the  mods 
of  occurrence  and  the  alliances  of  the  apeoimen  are  known,  it 
may  be  described  as  rhyolite-glass,  anaesit&«laaa,  Ac,  whsa 
fidrly  free  from  otyBtallitea  ;  or  aa  rhyolito-pitohstone,  andnnt^ 
pitcbstone,  Ac,  when  the  development  of  these  minats  bodies 
naa  imparted  a  resinooa  Inatre  to  the  maaa.  The  term  FlKiH- 
STONE  is  thus  retained  in  a  wide  and  really  Uxtural  aJgnifioMion; 
the  fact  that  such  rot^s  aie  commoner  among  add  lavas  did  nok 
prevent  the  earlier  writers  &om  speaking  of  the  passage  of  fassaU 
into  pitctutone. 

The  piwhstone-oondition  of  igneons  rooks  may  be  brought 
abont  by  the  commencement  of  secondary  devitrification  aa  wall 
aa  by  the  presence  of  primary  crystallites.  In  such  cases  micro- 
scopic sections  will  often  show  how  the  orystalline  partioles 
have  arisen  along  cracks,  such  as  the  perlitie  joints,  instead  «f 
being  ontlbrmly  diffused  or  drawn  out  in  bands  througnout  ths 
mass,  aa  occurs  when  they  are  of  primary  origin. 

When  it  is  impossible  to  use  accurate  prefixea,  the  highly 
dassy  rooks  may  be  conveniently  daaaed  under  one  of  Hm  ' 
following  groups,  i^  merely  as  obsidian  or  tadiylyte.* 
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auarr  isifBon  bocki. 

L  Obsidian  Qbovp. 

alpini 

Obsidins,  the  disooverer  of  the  rock.  It  maj  be  applied  to  th« 
more  highly  8ilic»t«d  gluHsj  these  are  aJao  fairly  rich  in  alkalies. 
Their  common  characters  are  »  low  epecifio  gravity,  a  mfirked 
Gonchoidal  fracture,  a  high  fusibility  (aboat  5),  and  oolonrless 
or  pale  sectionB  in  which  magnetite  is  not  conspicuous.  Small 
splmters  are  commonly  transparent,  not  merely  tr&nslnoent,  on 
tltin  edges. 

Perlitic  or  columnar  jointing  oocaaionally  interferes  with  the 
broad  conchoidal  fracture.  The  la^er  joint-surfaces  are  usually 
dull  and  stained  with  brown  limonite,  and  the  banded  or  other 
atmctnres  can  be  well  seen  upon  them.  Fragments  of  lithoidal 
or  glassy  lavas,  often  from  other  portions  of  the  same  flow,  are 
common  as  enclosures  in  the  glass. 

Bhyollte -Glass. — I.  Tfaia  is  the  most  oompletely  vitreous  rock 
in  nature,  and  forms  the  obsidian  of  Lipari  and  the  Yellowstone 
Park.  It  is  black  or  greenish  in  mass,  like  bottle-glass,  and  is 
almost  colourless  in  thin  splinters.  8ome  varieties  are  glossy  or' 
almost  silky-looking  through  the  presence  of  minute  vesicles,  or, 
when  inclining  to  the  pitchatone-type,  through  abundance  of 
minute  crystallites. 

When  perlitic  structure  is  well  developed,  as  may  be  seen  on 
the  joint-planes,  or  by  the  globular  forms  on  fractured  surfaces, 
the  rock  becomes  p&le  and  sometimes  pearly  in  lustre  through 
tbe  presence  of  the  minute  cracks.  Beautiful  examples,  often 
eall^  "Ferlites,"  occur  in  the  Hlinik  valley,  near  Schemnitz, 
Hungary,  and  at  Sandy  Braee,  in  Co.  Antrim. 

RhyoIite-glasB  may  contain  porphyritic  crystals,  sphemlites, 
or  lithophyses,  and  will  exhibit  in  the  most  perfect  manner  the 
bonded,  fluidal,  and  pumiceous  structures.  The  larger  Rphernlitei 
are  often  hollow  at  the  centre,  probably  throcgh  the  action  of 
fumarole-vapotirs  and  permeating  liquids,  which  have  had  little 
effect  upon  the  surrounding  glass.     See  p.  98. 

The  old  glasses  altered  by  secondary  devitrification  cannot  be 
distinguished  megascopically  from  the  similarly  altered  lithoidal 
rhyolites.  In  North  Wales,  as  on  the  east  flanks  of  the  Qlyder- 
fawr,  the  Ordovician  obsidians  contain  hollow  spherulites  an  inch 
or  two  across;  and  the  lithophyse-structure  is  well  seen  here  and 
in  the  hill  to  the  north  of  Conway. 

Sp»c\fia  OravUy. — About  2-35. 

it  Abundance  of  colourless  imperfact  rod-like  crystallites 
(fig.  41),  and  occasionally  of  the  opaque  hair-like  curving  £»m» 


aLlUT  IQVZODS  BOOKS. 


365 


Iniown  la  "trichitei,"  chkncterises  aeotions  of  rhjolite-gUst. 
Aa  the  pitch Btone-oondition  is  approached,  the  microlites  are 
aeen  to  be  more  nnmerous  and  their  crystal-outlinea  con  often 
be  determined.  They  rarely  build  np  anythiag  approaching  the 
skeleton-cryatals  of  more  Msic  glasses,  but  aggregate  into  aheaf- 
like  and  plumose  forms,  on«ii  of  exquisite  delicacy.  The  pale 
green  hornblende  microlites  forming  feathery  groups  in  the 
pitchstone  of  Corriegills  in  Arran  are  among  the  best  known 
exHmples  of  this  axial  and  curvilinear  type  of  aggregation. 

Tl  e  glassy  matrix  is  colourless  to  translucent  brown,  or  often 
col  'urless  ^th  browner  bands. 

Spbernlitic  and  perlitic  itructares  can  be  studied  admirably  in 


Fu.   41. 
Beai 


Spharnlitio  Obiidus, 
Lake,  Yellow«tons 
Fkrk,  U.S.A.  X  12.  Brown 
■phemlitM  ia  eolonrlaw  bIkm. 
Nutner«n>  mlaroUtei  in  Qoidal 
lines,  and  minnto  coloorloM 
Bphsralitei,  beat  leen  whore 
mclndad  in  the  later  snd  larger 


Fig.  42.— Altered  Spbernlitic  Ob- 
eidian  ( ' '  Pyromeride").  Wnen- 
heini,  Voegei.  x  7.  Varioiu 
type*  of  perlitio  BtTnotiire  are 
seen  in  the  deritrified  bnt  onee 
glassy  matrix. 


rhyolita  glass,  and  they  frequently  occur  together.  The  perlitio 
obaidiaus  of  the  "Wrekin  area,  devitrified  by  secondary  action, 
have  been  figured  hj  Mr.  Allport  (Quart,  /oum.  Geol.  SoCt 
1877) ;  and  the  typical  ''  pyromeride "  of  Wuenheim  in  the 
Voflges  (fig.  42),  with  reddish  spherulites  and  perlitic  matrix, 
GUI  be  exactly  paralleled  among  the  glassy  rocks  of  Hungary. 
(See  p.  214.) 

Trachyte- Glaas. — I.  Like  rhyolite.glass  in  most  respects,  bnt 
with  typically  a  higher  specific  gravity  (—  2-4),  and  a  greater 
tendency  to  the  production  of  pi  tctu tone-types.  Ischia  provides 
many  examples. 
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II.  Quarts  is  iwe  u  &  porphjritio  constituent,  and  albito  tad 
oligocloM  become  oommon.  Qlaaef  matrix  and  Btructurea  u  in 
rbfolite-glaaa. 

Andemu-QlaBB  in  part. — The  tTpioal  glaaa  of  tiui  rhy olitic  and 
ta'aohftic  smdeBites  may  rank  aa  obsidian,  j  tba,t  of  tike  baHtltio 
andesites  is  tacbylTtio. 

L  Though  the  pamioeooE  types  are  not  diBtinguishable  from 
thoae  of  trachyte  or  eren  rhyolite,  the  glasaeB  are  less  pure  and 
are  duller  in  luatre.  They  are,  moreover,  rarer  in  the  field,  and 
even  the  pitohstone-typea  contain  so  many  well  developed  crystals 
that  they  readily  pass  into  a  litboidal  oondititm  vith  mere  "intm^ 
sertal "  glassy  interspaces. 

Speeifie  Gravity. — About  2'fi  to  2-6. 

n.  The  porphyritio  crystals  are  plagioolase,  soda-angite,  and 
occasionally  enstatite,  often  with  biotite  and  more  rarely  horn- 
blende. A  mesh  of  felspar  microlites  may  be  seen  developing  in 
the  gronndmass  and  foreshadowing  the  "  felted  "  appearance  so 
characteristic  of  lithoidal  andeaites.  Sphemlitea,  and  other 
structures  inconsistent  with  the  formation  of  abundant  in- 
dividualised crystals,  are  nrer  here  than  in  the  glasses  pn- 
viously  described. 


IL  Tacbyltte  Obouf. 

Breithanpt*  proposed  this  term  for  a  basio  glaas — treated  by 
Iiim  as  a  mineral — from  the  Sssebiihl  near  Obttingen,  the  word 
indicating  "rapidity  pf  fusion"  before  the  blowpipe.  Despite 
frequent  misepelling,  the  "y"  in  its  termination  ("ix'^  ""* 
\VTi()  should  therefore  be  preserved.  The  name  appears  to  be 
synonymous  with  the  "  Oallinace  "  of  old  authors — a  term  known 
to  Faujas  Bt.  Fond  in  1778,  and  derived  from  the  gallinazo,  a 
black  oarrion  bird  of  the  Andes,  The  taohylytea  are  basio 
glasses,  and  are  naturally  of  more  limited  oooarTenoe  than  the 
members  of  the  obsidian  group.  Their  common  characters  are 
a  fairly  high  specific  gravity,  abundant  close-set  joint-planes,  a 
low  fusibility  (about  2-S),  and  dark-coloured  or  even  opaqne 
sections.  Small  splinters  may  show  neither  toansparency  nor 
translucency.  They  become  soft  by  hydration,  producing  an 
altered  mixture  of  silicates  styled  " Palagonite ; "  when  frvsh, 
however,  they  are  as  bard  as  obsidian  (=-  about  6). 

Andasite-QlaSB  in  parU — The  glass  of  basaltic  audesite  ftJla 

*K<ut-«er't  AreKiv/Hr  die  gtnunmU  JfaturUkre,  Bd.  viL  (1820),  p.  UX 
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L  This  material,  eren  in  the  pitohBtone-oondition,  is  rare,  bnt 
may  be  found  on  l&Ta-surfiiceB  and  in  aoine  djkes.  The  colour  ifl 
deep  brown  to  black,  but  the  surface  only  occasionally  attains  the 
high  vitreous  lustre  of  obsidian.  Certain  interesting  hypersthene- 
aDdeaite-glasaea  from  Hungary  show  red-brown  spherulites  in  an 
almost  dull  blaok  ground.  These  spherulitic  types  possess  ad- 
ditional importance  on  aooount  of  their  reaemblanoe  to  the 
"variolite"  of  the  Weatem  Alps,  Anglesey,  Ac. 

"Tariolite"  is,  in  &ct,  a  form  of  spherulitic  andesite^glass  or 
baaalt-glasa,  altered  by  secondary  dentrification.  It  is  dark  green 
{or  rarely  grey-brown)  with  light  greenish  white  spherulites, 
which  are  sometimes  3  cm.  in  diameter.  In  the  typical  area  of 
Mont-Oflo&Tre,  near  the  source  of  the  Durance,  it  occurs  very 
extensively  as  a  selvage  to  the  surfaces  of  much  altered  audesitio 
or  basaltic  lavas.  In  moat  cottectionB  pebbles  of  variolito  occur, 
which  have  been  gathered  in  the  rivers  of  the  Hautes  Alpes. 
On  some  of  these  perlitic  structure  may  be  noticed,  the  cracks 
appearing  of  a  lighter  green  tint  through  the  development  of 
cpidote. 

Spteiju:  fff»r»<y.— About  2-65. 

IL  The  features  of  the  audesitio  obsidians  are  found  here  in 
as  exaggerated  form,  and'  crystallisation  is  carried  to  &  farther 
extent.  Ferlitio  structure  is  decidedly  rare.  The  "  pitchstono  " 
of  Eskdale  in  I>umfrieB  is  an  approach  to  andesitic  tachylyte, 
and  is  full  of  well  marked  felspar  crystals  (see  fig.  36,  B). 

The  spherulitic  varieties  repeat  Uie  general  characters  of  the 
eorrespondiug  add  rocks;  but  the  spherulites,  which  are  brown 
in  section,  may  often  appear  complex,  as  if  built  up  of  rays  of 
different  composition.  This  view  is  supported  by  the  different 
extinctions  of  adjacent  rays  or  sectors.  The  constituents  of  the 
spherulites  are  markedly  pleochroic 

The  glass  is  typically  a  yellow-brown,  a  colour  sometimes 
retained  in  the  palagonitio  altered  examples  (fig.  22,  p,  196). 
Most  of  these  are,  however,  green;  they  show  a  laiot  effect 
between  crossed  nirals,  owing  to  the  double  refnu;tioD  of  the 
hydrous  constituents.  By  development  of  magnetite  dust  and 
minute  aggregations  of  dark  crystallites,  the  glass  may  become 
practically  opaque. 

The  variolitio  varieties,  oorreaponding  to  the  "pyromeridea" 
of  the  acid  series,  have  a  greatly  altered  groundmass,  in  which 
epidote  is  extensively  developed.  The  spht-rulites  consist  of  deli- 
cate feathery  and  branching  rays,  and  lose  their  sharp  boundary 
in  specimens  collected  about  6  em,  from  the  original  surface  of 
oooling  of  the  rook.   As  this  ancient  glass  passes  into  the  lithoidal 
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mua  of  the  Ura,  areu  of  ndullf  amxigpd  felspar,  vhioh  u* 
aectiona  of  spliemlitio  groups,  take  the  plaoe  of  the  tTpioal 
aphernUtea  in  the  alide. 

OliTine-Basalt-Qlaes. — I.  This  is  the  typical  taohylyte,  and  txmv 
contain  porphyriiic  olivina  ia  the  most  basic  examples.  It 
occurs  as  laTa-cmata,  scoriaceoos  or  compact  (as  in  Hawaii),  or 
as  a  selvage  to  dykes  (as  in  the  Weatera  Islea  of  Scotland).  It 
has  a  TitreouB  to  resiaous  lustre,  and  is  black  or  blue-black,  with 
dull  brown  joint-surfaces.  These  are  often  so  uumeroua  that  the 
true  character  of  the  rock  appears  only  on  artificial  fracture.  The 
typical  glass  is  barely  transluoent^  aud  the  abundsnoe  of  magne- 
tite dost  in  some  examples  makes  their  powder  magnetic  The 
easy  fusibility  must  be  noted. 

Dull  brown  sphenitites  occasionally  appear.  Scoriaoeooa 
''*S8y  ^?pM  (^^  commoa  among  modem  larar^urfaoes ;  but 
pnmioeons  types  are  very  rare.  The  "thread-laoe  aooria"  of 
Hawaii  and  the  filamenta  of  "  T6Wa  Hair  "  show,  however,  how 
complete  a  glass  can  occasionally  be  formed  &om  Dlirine-b«aalt. 
The  basalt-glass  of  Hawaii  forms  a  scoriaceous  crust  some  2  inchea 
thick  upon  the  lavas,  and  a  crust  resembling  bottle-glass  upon 
those  in  the  crater  of  Kilauea.  Lava-flows  of  glass,  comparable 
to  the  obsidian-streams  of  the  Yellowstone,  must  not  be  expected 
in  the  basic  aeries. 

Variolitic  representatives  of  oliTine- basalt -glass  occur  in. 
Anglesey  and  Oo.  Down.     See  Andesitic  Tachyiytes  above. 

Spacifie  Gravity. — ^Abont  2'7.     Sometimes  as  high  as  29. 

IL  The  microscopic  characters  repeat  those  duscribed  under 
the  andesitic  taohylytea.  Oryatallites  of  magnetite  grouped  in 
crosses,  and  other  skeleton-crystals,  are  abundant  in  the  brown 
groundmaas,  and  spherulitic  and  aheof-like  agi;regates  are  com- 
mon. When  the  magnetite  ia  aggregated  into  little  cubea,  the 
;laa8  may  be  clear  brown  and  translucent ;  but  when  it  is  finely 
liaseminated  as  dust,  only  the  porphyritio  crystals  can  be  seen  in 
an  absolutely  opaque  black  groundmoss.  Keflected  light  may 
reveal  in  such  cases  spherulitic  or  other  structures. 

The  porphyritic  orysttkU  may  be  as  intensely  corroded  as  those 
in  many  andeaites.  Olivine  is  abundant  as  a  porphyritio  con* 
atitueot  in  many  basal t-glassps  from  HawaiL 

The  microscopic  appearance  of  "  variolite"  has  been  touched 
on  above  among  andesitic  types.  The  yellow  or  green  "pala- 
gonites  "  often  represent  olivino-baaalt-glass, 

Feridotlta  -  QIasB.  —  Chemical  analysis  must  be  reiorted  to 
before  a  tachylyte  con  be  safely  referred  to  pnridotite.  It 
may  be  possible,  however,  in  the  field  to  tmce  some  ezamplcft. 


§! 
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Into  practically  IwlooryBtallme  rooks  coosiatuig  of  pyroxene  and 
olivine  only. 
Specific  Oraviiy.—A.hoTit  2-85. 


FiiiAlly,  it  may  be  useful  to  indicate  in  a  general  table  the 
grouping  adopted  for  the  igneous  rocks  in  the  foregoinz  pages. 
The  great  and  important  names  are  printed  in  thick  type; 
those  of  rooks  with  both  felspar  and  a  felspathoid  in  bmali, 
CAPITALS ;  and  those  of  the  rare  rocks,  in  which  the  felspathoid 
entirely  takes  the  place  of  the  felspar,  in  iudiet.  Ifepheline  is 
used  in  liie  table  as  the  repreaentatiTO  of  all  the  felspathoids. 
{See  next  page.) 
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TABLE  OP  lONBOITS  ROCKa 


Granite. 

EuFlte  (Qiuutz-Felstte). 

BliyoUte. 

Syenite. 
Compact  Syenite. 

Traehyte. 

Naraxun-SixMiTB. 
OoxPACi  Nsfeiuxi-Stkiiitb. 

NiPOTum-TBJOHm  (Nh-bb- 
Lnn-PHOvoLER}. 

qoartz-Dlorlte. 
Qoar^-Aphanita 

RbyoUtle  Andeslte. 

Dlorlte  Euid  Oabbra 
Aphanlte  rad  Dolerlte. 

TFaehytle  uid  BasalUe 
Andesltes. 

NErHBUHB-DioBnx. 
SxraxLon-AtttAnTia. 

NiPHUiNi-ANiinrn  (TiPHsin]. 

NephdinUe. 

ffemiaylailint  JftpArffaiic 

Ollvine-GabbFO. 
OliTlne-Dolerite. 

OUvloe-Basalt 

N«PHBLnr«.0uTiin-G4»RO. 

N«PHBLIK«-OlJTIK»-DOUmiT». 

(NnHBUKB-BAUMm). 

<»imiu-WtphtliniU. 

taife.'^                       '^ 

Peridotlte. 
Compact  PeFidotite. 

HemlcpystaUIne  PeridoUte. 
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CHAJTEE  SX. 


TsB  definition  of  a  metamorphio  rock  must  always  be  a  mattsr 
of  opinion.  We  include  here  those  rocks  in  which  new  ciys- 
talliike  derelopmeiita,  or  new  structares,  or  both,  have  arisea 
under  the  influence  of  subterranean  heat,  or  pressure,  or  actaul 
earth-in  ovement. 

From  this  point  of  view  Buch  rocks  as  "epidiorite"  and  "flaser- 
gabbro,"  and  many  of  the  Welsh  devitrified  obsidians,  should  be 
treated  as  luetamorphic.  We  mast  refer  back  to  these,  and  also 
oloflely  compare  our  notes  on  consolidated  sedimentary  masseft 
with  the  jwesent  remarks  on  their  more  altered  representatives, 

Foliation  is  the  structure  most  commonly  to  be  met  with  in 
truly  metamorpbio  rocka.  In  fine-grained  materials  cleavage 
may  arise,  often  as  a  prelude  to  foliation.  Breociation,  and  t£» 
drawing-out  of  the  fragments  into  folia  by  earth-movement,  are 
closely  allied  processes,  and  the  rocks  resulting  from  these  operft- 
tioBi  nuy  be  fotmd  pasaing  into  one  another  in  the  field. 

A.  Bocks  affected  by  Contact-UetamorphlBm. 

The  smbrytvorystala  and  ill  developed  forms  in  these  baked 
Ukd  altered  sediments  give  considerable  trouble  in  deter minatioa. 
The  erystals  are  often  far  more  vague  nnder  the  microscope  than 
in  the  rock-mass,  since  their  boundaries  shade  off  imperceptibly 
into  the  amorphous  or  granular  groundmass,  while  they  contain  b» 
much  uncrystallised  matter  as  to  present  no  clear  optical  char- 
acters. The  groundmass  may  be  ^ed  in  places  to  a  glass,  as  is 
the  case  with  the  cement  around  the  sand-grains  in  some  altered 
■andstones;  or  it  may  appear  practically  earthy  and  unafiected. 
Signs  of  oleavage,  or  even  a  fuJiated  structure,  are  apparent 
when  the  minerals  have  developed  along  definite  planes  in  the 
Took,  which  are  often,  in  cases  of  mere  contact-altention,  tha 
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original  bedding-planes.  Some  beds  may  be  foand  to  have  been 
more  susceptible  to  mineral  ohangei  than  otben  in  the  same 
series. 

Spotted  Shale^-I.  The  ibal;  maas  is  foil  of  darlt  brown  or 
blacc  spots  and  patches,  with  an  attempt  at  regular  outlines. 
These  are  mere  "  pigment-spots,"  or  actual  embryo-crystals, 
and  show  no  true  faces  or  specific  characters.  Mere  contact 
with  a  dyke  vill  sometimes  produce  this  type  of  alteration  in 
the  shales  or  slates  around.  At  times  recognisable  garnets  may 
be  developed. 

IL  With  the  microscope  the  dark  spots  may  show  some  signs 
of  cleavage,  pleochroism,  Ac,  like  the  biotite  patches  in  the  rock 
of  Tirpersdor^  Saxony.  Uany  remain,  however,  in  a  cloudy 
condition,  and  remind  one  of  the  dusk;  untletermined  matter 
surrounding  spberulites  in  vitreous  rocks.  Little  patches  of 
garnet  may  be  picked  oat  by  their  high  refractive  index  and 
their  isotropism. 

Blaty  Bocks  with  development  of  Additional  Minerals Iron 

pyrites,  in  fair  sized  cubes  is  a  common  product  near  the  junc- 
tion of  argillaceous  rocks  with  an  igneous  mass.  Examples  may 
often  be  seen  in  Wales,  either  in  the  Snowdon  or  the  Gader  Idris 
areas.  Mica,  light  or  dark,  very  readily  arises  along  the  divi- 
sional planes,  and  garnets,  red-browu  and  lustrous,  are  sometimes 
found,  Andalusite  and  staurolite  are  frequent,  especially  the 
former,  neither  mineral  being  well  defined  in  such  cases  when 
examined  microBCOpically.  Chisstolite  is  sometimes  seen,  in 
long  well  bounded  white  prisms,  in  the  dark  grey  groundmaas, 
as,  for  instance,  on  the  flanks  of  the  Skiddaw  granite. 

Secondary  quarts  generally  arises  in  some  portion  of  the 
masa,  in  the  form  of  white  knots  or  veins,  and  its  introduction 
tanj  have  been  connected  with  the  hot  liquids  accompanying 
xho  close  of  igneous  action.  Small  granular  secondaiy  felspars 
nay  also  be  developed  ;  and  the  whole  aeries  of  changes  bridges 
over  the  gap  between  mere  contact'produots  and  rocks  that 
might  be  attributed  to  the  larger  prooeases  of  regional  mata- 
morphism. 

Baked  Shale. — I.  A  very  common  form  of  alteration  along 
the  edges  of  ordinary  dykea  The  rock,  which  may  be  a  volcanic 
ash  or  a  clay,  loses  its  shaly  character,  and  a  partial  ItisioD  seems 
to  take  place.  It  becomes  too  hard  to  he  scratched  with  the 
knife,  breaks  with  a  fairly  good  conchoidal  fraotore,  and  appears 
like  a  dull  porcelain  {"Porcellanite")  to  the  eye.  The  oolonr  is 
usually  grey  or  black ;  a  slight  effect  of  irideaoeno^  as  from  a 
multitude  of  minute  glauoing  sur&oea,  is  s 
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u  the  rock  ii  turned  about  ia  the  hand  in  lunllght,  Some 
"^disn  Stonea"  come  under  this  heading. 

II.  A  confused  partialtj  melted  and  reci7st&llUed  gronndmau 
appears  in  section,  often  with  rod-like  and  hair-like  microlitei. 
When  the  lection  has  traversed  the  igneous  rock  and  the  contact- 
rock  as  well,  the  line  betwoen  the  tvo  is  typically  sharp ;  but 
CBMS  ooonr  where  the  glassy  selvage  of  the  former  and  the 
metamorphosed  sediment  simulate  one  another.  Actual  trans- 
fusion seems  much  rarer  than  one  would  at  first  suppose. 

Altered  Limestone. — A  crjataliine  granular  structure  ma;  be 
set  up  in  limestones  by  cent  act- metamorphism,  and  only  traces 
of  prerious  structures,  fossils,  or  of  the  original  colouring,  may 
remain.  The  magnificent  series  of  silicates  developed  in  the 
liniestoaes  of  MonU  Somma  and  in  Tyrol,  by  interaction  with 
volcanic  intrusions,  ia  known  to  all  collectors.*  Many  "  Calci- 
phyres"  and  "  Amphibolites "  have  no  doubt  been  produced  by 
Gontact-metamorphism,  involving  sometimes  a  transference  ol 
miiterial  from  the  igneous  rock.t 

Altered  Ignoons  BockB. — The  baking  of  one  igneous  rock  by 
another  is  a  common  phenomenon.  Andeaitea  thus  become 
compact  and  fiinty ;  the  snrEacea  of  basaltic  flows  may  become 
reddened  by  oxidation,  when  heated  by  a  succeeding  flow;  and 
so  on.  The  moat  striking  changes  are,  bowever,  produced  when 
&e  rock  penetrated  melts  at  a  lower  temperature  than  the 
invading  rock.    (See  pp.  316  and  226.) 

B.  BookB  aflbcted  by  Beglonal  Hetomoiphism. 
The  granulation  of  the  original  oonstituents,  the  deformation 
or  reconstruction  of  them  as  lenticular  folia,  and  frequently  the 
entire  recry stall isation  of  the  mass,  characterise  this  very  im- 
portai^t  group  of  rocks.  It  u  often  almost  impossible  to  deter- 
mine if  the  foliation  in  the  coarser  types  is  due  to  original 
igneous  flow,  or  to  deformation  subsequent  to  consolidation; 
or,  again,  how  iar  the  minerals  in  a  given  schist  have  de- 
veloped under  pressure  and  earth -movement,  or  under  the 
influence  of  the  "regional  contact"  of  some  igneous  mass 
hidden  down  below.  The  extreme  improbability  of  finding 
fbsails  in  crystalline  schists  makes  their  correlation  with 
*  Bee  Hierisoli,  "IKa  AnswnrfiblOcke  dea  Monte  Somina,"  Tieherm. 
MiltML,  1886,  p.  IIS.     Mnns.  Gngory  and  Iavu  h&ve  oarefuUy  atndied 
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origin  of  the  terpentinons  limeftooM  of  the  sama  arsk,  and  have  o 
sdUieirrt-    ' ^"  "^-'    *  '* '  '      ■  "     -    -  -  -" 


rtmotore  with  that  of  the  •nppoaed  foaail  Boaida  {,8a.  TVmu, 
Etw.,  ter.  2,  vol.  v..  1894,  p.  al^. 
t  See  diMUMion  in  O.  Cola,  "  Hetammiluo  Rooks  In  "Syvmn  and 
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t.  DiMi*  Sot.,  ter.  2,  vol.  v..  1894,  p.  2^. 

tSee  diMUMion  in  O.  Cola,  "  Hetamorphi. 

Dooegal,"  Tmu.  S.  I.  Aeati.,  voL  xxxL  (IflOO),  p.  40a 
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tmy  nnaltaTCd  TefR«§eBtetiTet  a  matter  of  tfae  f^reat««t  diffloalty ; 
aad  the  numerous  folds,  taulte,  and  tliruBt-planeifi  aooompanyiug 
Ibliatad  musM  iu  the  £eld  allow  several  completely  opposed,  but 
«qtully  oonvincang,  explanations  to  be  put  forward  whensTer  & 
section  appeara  to  show  the  oontinnity  of  a  fossiliferooB  seduuenb 
with  a  schist  Such  possible  cases,  hovever,  must  be  diligently 
■ought  for  by  workers  in  metamorphic  areas  ;  and  even  where, 
M  usual,  no  safe  deductions  can  be  miule,  the  fiicts  obserred 
should  be  noted  with  the  most  patient  observatioo.  The  study 
of  deformed  and  omihed,  but  truly  foeailiferous,  depoiits  oannofe 
fiuil  to  be  of  the  greatest  aerrice  in  this  connexion. 


I.  {^TBTAIxniB  LlHEBTOMBS. 

The  majority  of  the  "Marbles"  come  under  this  beading.  Tbe 
limestoDes  of  metamorphio  areas  become  distinctly  crystalline^ 
and  tbe  grains  of  calcite  may  attain  a  diameter  of  3  or  4  mm. 
Where,  however,  crushing  has  aocompanied  the  change,  the 
individual  crystaJs  are  reduced  in  site,  and  the  rock  becomes 
oompactty  miorocrystaUine.  The  crystallisation,  and  perhaps 
partial  removal,  of  the  non-caloareoua  matter  leave  ^e  calcite 
maas  often  marvellously  pure,  as  in  the  famous  statuary  marbles. 
At  other  times,  as  in  the  central  Qighlands,  the  rock  is  tjrpioally 
grey,  but  can  at  once  be  distinguished  by  its  softnesa  from 
any  asnociated  grey  quartzites.  Dolomites  in  a  similarly  highly 
crystalline  condition  must  be  tested  with  hot  acid.  Specimens 
of  crystalline  alabaster  (see  p.  208)  must  be  compared  with 
stetnary  marbles,  and  the  difference  of  hardness  and  specific 
gravity  noted. 

Serpentinous  veins  traverse  many  of  these  marbles  and  give 
them  a  tinge  of  yellow-^^reen.  la  some  cases  the  limestone  or 
dolomite  becomes  so  permeated,  and  its  original  condition  so 
,  obscured,  that  it  must  be  classed  merely  as  an  "  ophicaloite." 
Such  masses  may  have  resulted  £rom  the  destruction  even  of 
igneous  rocks  containing  calcic  and  magnesic  silicates. 

Secondary  minerals  are  to  be  seen  in  some  limestones  with  the 
naiked  eye.  The  "  Oipollino  "  of  the  Italians  is  rich  in  flakes  of 
'  silvery  mica,  or  sometimes  of  a  brilliant  green  chromium- variety. 
Pale  ampbibole  occun  in  long  prisms  in  some  of  Brongniar^s 
"  Oalciphyres,"  *  and  pyroxene  in  green  granular  forms  is  abun- 
dant in  others,  as  in  the  pink  marble  of  Tiree.     In  all  cases  of 

Oowi/'.  sMuAial.  dw  nxk*  flid«V«M,  1813,  p,  Sa. 

Google 


HEtAKDSPHID  SOCKS.  275 

altered  HmntoneB,  the  reaidne  after  boiling  with  acid  mntt  be 
examined,  &nd  often  microchemioal  or  blowpipe  teata  can  ba 
applied. 

II.  The  calcite  grannies  are  seen  to  be  oloeely  packed  together, 
and  often  interlock  with  one  another  and  assame  inegnW 
boundaries.  Twin-Iamellation  is  conspicnoaa.  In  dolomites 
tiiia  is  absent,  and  seotiona  of  distinct  rhombohedra  are  nsually 
Hen.  Any  accessory  and  separated  silicates  in  the  calciphf  res 
may  not  be  readily  seen  at  the  first  glance,  being  tjpicallj 
eoloarless  in  section ;  bat  the  polariscope  reveals  them  by  their 
tints,  which  are  much  lower  than  those  of  the  calcite.  8er- 
pentinona  limestones  often  show  ovoid  residaal  grains  of  olivine 
(t  monticellite).  The  minerals  developed  in  limestones  in  the 
neigh bonrhood  of  volcanic  vents  prepare  one  for  the  most 
remarkable  aasociations  of  silicates  in  these  more  extreme 
metamorpbio  types  (p.  273),  and,  by  interaction  with  a  slowly 
cooling  igneous  mass,  even  amphibolites  may  become  built  up  on 
a  lairly  regional  acale. 

The  residues  after  treatment  of  the  rock  with  acid  afford  in 
mo^t  cases  well-marked  crystalline  forms.  The  flat  plate-like 
orystals  showing  low  colours  between  crossed  nicols  were  described 
by  Lory  as  felspar  (albite),  and  their  development  in  various 
crystalline  limestones  is  a  matter  of  great  interest,  particularly 
if  the  geological  age  of  the  rock-mass  can  be  ascertwned.  Sudi 
erystals,  with  oblique  extinctions,  ma;  often  be  found  in  th« 
residues  of  Alpine  marbles.' 

XL  QDAin'zrrB& 

L  Prof.  Bonoey  has  pointed  out  how  the  most  altered  forms 
of  quartzites  arise  from  sandstones  that  were  originally  pure,  the 
deposition  of  new  silica,  and  the  consequent  interlocking  of  the 
grains  into  a  uniform  whole,  being  impeded  by  the  presence  of 
clayey  or  other  foreign  matter.  We  have  already  described, 
under  Sandstones,  the  ordinary  characters  of  these  cemented  - 
trpes.  In  metamorphosed  areas,  quartzites  may  resist  the  forces 
which  cleave  the  surrounding  massea  or  which  convert  them  into 
foliated  rocka ;  and  they  may  thua  be  useful  as  a  clue  to  the 
original  stratification  of  the  district.  By  their  superior  hardness 
and  their  composition,  they  stand  out  in  white  or  grey  bands 
and  bosses  among  the  more  easily  decomposing  schists. 

*  IimI  reports  the  dUaoveTj  oF  albilie  orystal*  which  have  fonoed  mind 
Kadiolarlu  ikelMoni  Id  a  IlnMMone  of  Tntiarj  age.  Compttt  Xtndui,  3i 
Ttrrlar,  1S90,  and  Am.  dd  MH»te  H  Gmwa,  1890,  p.  91,  pli,  t.  and  tL 
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Hioa  oftea  owiin  in  qoartiite,  uid,  hj  its  primary  praMnoe  or 
its  develupmeut,  allows  of  a  foliated  structure.  The  rock  may  thus 
break  along  nev  planes  which  &re  rendered  lostroas,  commonly 
by  a  pale  silrery  mica.  The  most  baaatifiil  and  regular  develop- 
ment of  this  schistose  structure  is  to  be  seen  in  many  "  flaggy 
gneisses,"  which  split  tike  finely  laminated  sandstones,  and 
which  consist  ahnoat  entirely  of  quartz  and  mica.  The  delicate 
division&l  bands  formed  hy  the  latter  may  sometimes  represent 
■tratification ;  but  more  often  they  result  from  movement  under 
pressure,  and  must  be  compared  in  the  field  with  similar  planes 
m  the  adjacent  masaes. 

n.  In  truly  metamorphic  quartdtes  the  deformation  of  the 
rock  and  its  partial  crushing  are  traceable  in  microscopic  slides. 
Individual  grains  show  bands  and  waves  of  colour  when  the 
section  is  rotated  between  crossed  niuols,  and  they  are  often 
drawn  out  into  wisp-like  forms  with  iiTf^nlar  boundaries,  and 
are  in  part  broken  away  and  granulated.  Lines  of  liquid- 
enclosures  often  run  through  ^m  grain  to  groin  in  fairly 
parallel  planes  across  the  rock,  solution  of  the  interior  of  the 
crystals  having  taken  place,  perhaps  as  a  prelude  to  actual 
ahearing.     (Compare  fig.  19a,  p.  140.) 

The  grains  of  felspar  and  other  bodies  in  qaartdteB  derived 
from  grits  are  aimilarly  distorted,  and  tbey  may  be  surrounded 
by  a  Eone  of  comminuted  fragments.     Some  ports  of  the  rock 


rolled  out  portions  may  appear  in  a  remarkable  manner  in 
a  aection,  side  by  side  with  the  coarser  granular  type  of 
rock. 

Cracks  abound,  but  are  filled  with  chalcedony  or  a  fine 
mosaic,  which  is,  indeed,  a  sort  of  microscopic  granular 
bnlt-rock. 


III.  0LB1.VED  Bocks. 

Slate. — I.  This  is  the  typical  cleaved  rock,  since  only  fine- 
grained masses,  in  which  the  minute  constituents  are  plate-like 
or  acicular  in  character,  can  develope  the  structure  with  such 
perfection.  The  stratification,  shown  by  "stripes"  of  a  different 
grain  or  colour,  must  be  sought  for  in  the  field,  since  cleavage 
and  lamination  rarely  oorreapond.  The  common  colours  of 
olat^  as  is  well  known,  are  blue-black,  purplish,  and  greenish. 
Hinate  mica  scales  may  develope  along  ue  deavage-planes. 
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ukd  a  wrinkling  of  the  Utter  at  the  same  time  produces  the 
link  with  mica-schist,  called  "Fhyllade"  b^  d'AuDuisson,  snd 
"Phyllite"  by  many  aathors. 

The  distortion  and  gradual  obliteration  of  fossils  in  slates  are 
interesting  points  for  study.  The  original  "  olay-galU  "  and 
nodules  similarly  become  ovoid,  and  their  longer  axes  no  more 
lie  in  the  planes  of  bedding.  Small  faults  are  oommonly  seen 
in  slates  which  show  "stripe."  (See  Teall,  Oud.  Mag.,  1384, 
pLl.) 

Iron  pyrites  is  a  common  accessory.  Magaetite  i  probably 
irequent,  but  its  little  graini  are  obscured  by  the  dark  colour 
of  thero«k. 

In  the  field  there  is  often  difficulty  in  realising,  on  looking  at 
a  great  cliff-wall  of  slates,  that  the  cle&vsge-plaaes  are  not  those 
of  stratification.  They  are  here  and  there  emphasised  by 
weathering,  and  iron-rusts  form  in  places  so  as  to  mark  out 
particular  planes.  Hence  a  false  appearance  of  bedding  may 
be  produced,  particularly  at  a  distance.  Any  hard  bed,  especi- 
ally BEuidstooe,  deposited  among  the  original  shales,  will  readily 
correct  such  an  impression  (p.  270). 

H,  In  sections,  all  the  transparent  microlites  and  grains  seem 
lying  with  their  longer  axes  parallel  to  one  another.  Of  course 
these  may  have  a  yet  longer  axis  in  a  direction  obliqae  or 
perpendicaiar  to  the  plane  of  the  section;  but  in  cases  where  a 
creep  or  flow  of  the  materials  has  occurred,  a  section  is  possible 
which  shall  practically  show  each  particle  with  its  maximum 
elongation.     (See  p.  135.) 

The  impure  and  darkened  groups  of  kaolin-flakes,  or  plates  of 
mica,  are  pressed  out  or  develop  as  extremely  flattened  lenticles, 
so  that,  when  cut  perpendicularly  to  the  cleavage-surfaces,  fine 
dark  lines  run  parallel  and  close-set  through  the  slide.  By 
reflected  light  any  grains  or  crystals  of  iron  pyrites  and  mag- 
netite are  easily  seen. 

The  transparent  constituents  oonaist  very  largely  of  mica. 
Katile  seems  invariably  present,  and  titanium  dioxide  commonly 
forms,  as  shown  by  analyses,  'SO  per  cent,  to  '95  per  cent,  of  the 
rock.  Beferences  to  detailed  papers  on  slates  by  Mr,  Hutchingt 
are  fliven  on  p.  199. 

3&ny  slates  result  &om  the  action  of  pressure  on  volcanic 
ashes.  The  minute  pumioeons  particles  are  often  traceable,  and 
larger  crystal-grains  occur,  some  of  which  contain  intruded  glass, 
as  an  indication  of  their  volcanic  origin.  When  the  material 
ejected  is  of  basic  character,  it  will  be  altered  to  yellowish 
atreaky  products  and  is  very  likely  to  be  nnreoogniaabu.    Even 
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in  such  cues,  fragments  of  the  porphyiidc  cryaUlji  waj  appear 
in  ft  BuggestiTe  maimer. 

IT.  DiSTiNOTLT  Foliated  Rocks. 

Thi>  group  includes  the  sohista  and  gneisBea,  the  origin  of 
which  has  been  so  widely  discussed  throughout  the  nineteenth 

■  century.  The  fact  that  such  rocks  may  arise  at  any  period  in 
the  earth's  history  is  now  generally  recognised.  The  ao-oalled 
"  fnndameatal  gneiss  "  of  many  areas  has  again  and  again  been 
sfaoirn  to  be  intruslTe  in  still  earlier  sediments;  while  composite 
gneisses  are  fairly  common,  which  result  from  the  intrusion  of 

-  sheets  of  igneous  rock  between  the  foliation-planes  of  an  earlier 
schist,  or  even  the  bedding-plaaes  of  a  sedimeut.  Rosenbnscli 
(Slmimte  dm-  GaleinaUhre,  1898,  p,  467)  uses  tbe  term  "  ortho- 
gneiss"  for  gneisses  derived  from  igneous  rocks,  and  "puragneiss" 
for  those  formed  from  undoubted  sediments.  English  writers 
use  the  word  "  schist"  for  all  well  foliated  rocks  tailing  short  of 
the  coarser  and  more  fclspathic  type  termed  "gneiss."  It  most 
be  remembered  that  the  French  "tchiate"  and  the  Qerman 
"lehUfer"  include,  in  addition,  rocks  wbeie  the  lamellar  structure 
is  due  to  bedding,  and  where  no  secosdary  mtQeralisation  has 
gone  on. 

In  the  field  these  rocks  form  a  most  &soinsting  study,  sinoe 
they  are  associated  with  the  finest  mountain-scenery,  and  assume, 
when  unglaciated,  the  boldest  and  sharpest  outlines.  But  the 
correlation  of  closely  adjacent  portions  of  the  same  rock-wall 
must  be  undertaken  with  the  utmost  caution,  owing  to  the 
intiicaraes  of  faults  and  thrusts.  As  Prof.  Lapworth  has  again 
and  agEun  pointed  oat  in  the  N.  W.  Highlands,  metamorphio 
masses  may  result  from  the  mingling  together  of  pieces  of 
completely  different  formations,  so  that  they  cannot  be  styled 
"altered  Cambrian,"  "altered  Silurian,"  or  so  forth,  but  possess 
no  age  other  than  that  of  the  crushing  and  rollii^  processes  to 
which  they  have  been  together  subjected. 

ITumerous  schists  and  gneisses  result  from  the  deformation  of 
rocks  already  hoi ocrystal line,  that  is  to  say,  of  aphanite^ 
dderites^  or  granites.  Such  deformation  is  accompanied  by 
some  mineral  changes ;  but  the  ultimate  bulk-analysis  of  the 
rock  may  remain  much  the  same.  The  margins  of  igneous 
masses  or  dykes  in  all  contorted  or  faulted  areas  are  likely  to 
show  signs  of  such  alteration,  and  in  hand  specimens  may  be 
indistinguishable  from  the  results  of  regional  metamorphism  aoW 
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ing  on  ledimentKry  rocks.  The  diTlBion  of  foliated  rocks  inta 
Altered  sediments  and  altered  igneons  muaea  is  beset  with  snob, 
enormous  difficulties  that  we  must  be  contant  merely  to  bear  in 
mind  the  possibility  of  either  origin,  and  to  seek  diligently  for 
elucidation  in  each  case  as  it  comes  before  us  in  the  field.  TherB 
is,  however,  a  growing  feeling  that  the  great  majoritf  of  amphir  ' 
bole-  and  ohiorite-sohists,  a  few  mica-schists,  and  mxaj  gneisses, 
have  their  origin  in  igneous  rocks ;  while  in  many  cases  original 
flow,  and  not  metamorpbism,  is  responsible  for  their  special.  ' 
structures.     (Compare  p.  1U2.) 

We  should  note  that  mioroscop!o  sections  of  foliated  rocks 
should  be  taken  perpendicularly  to  the  edges  of  the  folia. 

Sub-group  I — ScbiBts. — These  are  rocks  in  which  the  foliation 
is  littie  interfered  with  by  large  crystals,  and  in  which  the  differ- 
ence between  the  mineral  constitution  of  successive  layers  is  not 
so  marked  as  in  the  coarser  gneissic  type.  The  folia  are  often 
intensely  crumpled;  but  separation  of  the  rock  occurs  parallel 
to  their  surfaces  rather  than  along  other  divisiofaal  planes. 
WLen  garnets,  kc,  are  developed  daring  metamorpbism,  they 
cause  the  foliated  materials  to  fold  over  and  flow  round  them,  so 
that  the  obstacle,  with  the  curving  layers  meeting  again  on 
either  side  of  it,  resembles  an  eye.  This  gives  the  "eye-struo 
ture,"  which  is  seen  on  fractured  Burfacea  perpendicular  to  the 
foliation-layers,  and  which  is  &r  more  strikingly  developed  in  the 
gneisses. 

Fro£  Lapworth  has  styled  "mylonitio"  {^uuXcSi,  a  mill)  those 
cases  where,  in  section,  the  larger  lenticular  constituents  are 
surrounded  by  a  cryptocrystalline  or  amorphous  paste,  itself 
lying  in  "a  flowing  microscopic  tissue  of  opaque  fibres  and 
strings,"  as  if  the  whole  had  been  ground  to  flour  between  mill- 
atouBB.     Such  "mylonitic  rocks  are  compact  and  slate-like." 

Finally,  we  must  be  prepared  for  rocks,  truly  stratified,  which 
nmnlate  schists,  from  the  fact  that  their  materials  are  derived 
from  the  weathering  away  of  truly  metamorphio  rocks.  ^ 

Hica-SchiBt. — L  This  is  by  far  the  commonest  metamorphio 
rook.  The  lustrous  folia  of  mica,  now  in  broad  swelling  curves, 
now  wrinkled,  now  bent  into  the  sharpest  folds,  disguise  the 
oUier  conaCitueats  and  appear  to  constitute  the  mass.  The 
mica  is  generally  a  pale  species,  and  rarely  appears  black. 
Quartz  can  generally  be  detected,  sometimes  in  great  segregated 
nodules  or  in  veins.  Qarnet,  red  and  well  seen  on  fracture,  ic 
almost  always  present,  and  forms  little  "eyes"  in  the  foliation. 

The  use  of  the  thumb-nail  will  distingmish  fine-grained  mioi^ 
■obist  from  talo-whiflt,  in  additioD  to  the  higher  luatn  «f  A* 
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mioa^    With  tho  knift  the  pMnliw  gnting  Bound  of  the  mioa 
■nrfuei  oui  eanly  be  detectecl. 

Stanrolite,  uidaluaite,  &nd  kyuiite  oocuionally  oocar  in  mica- 
schistB.  The  bett  known  Bpecimeni  of  kjanite  are  found  in  a 
yelloimh  BilTeiy  pftragonite-  (BodiDm-mica-)  aohiat  from  the 
south  Bide  of  the  St.  Qotthtird  paas. 

Trpiesl  mioa-Bchist  hu  ft  Bilica  peroentage  of  nbont  60. 

n.  The  mica  iB  moat  eommonl;  oolonrleas,  with  strings  of  ill 
defined  greenish  and  greyish 
matter  inteifoliated  with  it. 
Orannlar  quartz  and  some 
felspar,  often  arranged  in 
streams,  occur.  The  eye^truc- 
tnre  due  to  the  presence  of  ff 
round  garnets  is  excellently 
Been  in  Bootions  (fig.  43). 

In  fine-grained  examples  a 
double  wrinkling  and  foliation 
may  sometimes  be  traced, 
arising  at  two  distinct  periods 
of  pressure  and  movement.  pCg43._Mio»-Schut.    Suony.    k  7. 

In  examining  the  Blide  we  g,  Qimat,  pale  pink,  and  «how. 

most  never  forget  the  solid,  mg  oftat  ot  cleavkge.    n>,  Colonr- 

and  we    must   note   that   the  !•••  *"<>•.  bent  and  drawn  out  in 


aU  of  which  exhibit  cleavige,  rfSTrfS^^^Sud^' ^1 

are  cut  &om  extended  lenticu-  fbliation-layerB. 

lar  patches,  the  union  of  their 

basal  surfaces  oonstitating  the  glancing  folia  of  the  rock. 

Chlorite -Schlat. — L  This  is  quite  a  rare  rock  compared  with 
the  preceding.  It  is  dark  green,  with  black-green  scales  on  the 
Burfaoes  of  foliation,  and  ia  typically  rather  fine  in  grain.  The 
BoftnesB  is  characteristio,  the  whole  having  a  soapy  feel  in  the 
hand.  In  the  field  the  absence  of  the  glancing  surfaces  of  mica, 
and  the  general  darkness  of  the  rock  exposed,  mark  it  out  from 
micB-ech^t. 

Magnetite  is  tlie  oommonest  aooessory,  die  rock  being  very 
poor  in  silica  (perhaps  as  much  as  30  per  cent.).  The  ootahedra 
of  magnetite,  black  and  metallic,  are  often  beautifully  developed 
in  the  green  scaly  groundmass,  and  are  sometimes  surrounded 
by  a  Bpherulite  of  radial  chlorite,  which  looks  like  a  rosette 
when  fractured. 

Veins  and  little  patches  of  epidote  may  ooonr. 

IL  The  chlorite  appears  ia  flakes  and  &a-19ce  groops;  the 
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elsAVftge  of  tlw  minenl  U  irregular  tnd  maoh  disturbed. 
Magnetite  is  identified  hy  reflected  light.  Small  brown  nitUea 
Tsry  commonly  occur. 

Ghnpentine-Schlit. — L  Thii  is  a  common  rock  in  aome  mouo- 
tMin-diatrict8,  such  m  the  Western  Alps,  and  is  derived,  in  a 
great  number  of  instances^  at  any  rate,  from  the  crushing  of 
altered  peridotites.  The  colour  is  dull  green,  lighter  than  that 
of  chlorite- schist ;  sometimea  bine-green  or  purple.  The  foliated 
surfaces  are  soapy-looking,  and  cent  in  furly  broad  folds; 
slickensides  abound.  The  rock,  indeed,  breaks  in  the  field  along 
joint-surfaces  and  slickensides  quite  as  often  as  along  the  planes 
of  foliation. 

Some  fev  serpentine-schists  can  be  traced  into  more  normal 
fypes  of  scbisl^  and  appear  to  result  from  the  permeation  of 
aluminous  schists  by  serpentinous  matter.  The  percentage  of 
silica  in  serpentine-schist  is  about  iO. 

IL  Sections  generally  show  excellently  the  folding  and  move- 
ment undergone  by  the  soft  yielding  rock.  The  whole  field  is  a 
pale  transparent  green.  G«met,epidote,and  magnetite  may  occur. 

Talc-Scoist. — I.  A  somewhat  rare  mognesian  schist,  light  in 
colour,  generally  pale  greenish  or  pure  white,  with  a  silrery 
and  pearly  lustre.  The  rock  feels  soapy  to  the  hand,  and  its 
hardness  —  1. 

Quartz  grains  and  patches  often  occur,  and  needles  of  actino- 
Ute  may  be  scattered  on  the  foliation-surfaces. 

The  silica  percentage  rises  at  least  to  SC,  being  reduced  from 
that  of  pure  Ma  by  presence  of  mica,  &c 

IL  The  talo  is  more  easily  distinguished  in  the  mass  than 
in  section.  Quartz  granules  form  quite  a  mosaic  along  oertaia 
bands,  and  are  commonly  abundant. 

Amphfbole-SohiBt — Many  "  Amphibolites  "  come  here. 

L  Next  to  mica-schist,  Hombiende-SchlBt  is  one  of  the  com- 
monest metamorphio  rocks,  and  results  in  very  many  cases  from 
the  foliation  of  altered  basic  igneous  rocks.  The  rock  is  commonly 
green-block,  with  a  Instre  due  to  fibrous  or  somewhat  plate-Ilka 
oomblende,  quite  distinct  from  that  of  a  dark  mica-schist.  ,  The 
layers  of  hornblende,  which  are  less  crumpled  than  those  of  mica- 
acSiist,  are  seen  to  alternate  with  t^in  lighter  bands  of  fels^r, 
quartz,  and  sometimes  epidote.  Bark  mica  is  an  accessory.  The 
knife  must  be  freely  used  in  determining  the  constituents. 

The  rock  breaks  more  readily  along  joints,  and  more  oTenly 
on  cross -fractn res,  than  mica-schist,  since  the  materials  ar9 
grsnolar  and  icKomorphio  rather  than  spread  out  into  lenticles. 

In  the  field,  didentes  and  aphanites  can  be  seen  to  pass  int» 


homblende-Bdiiat,  tlia  rock  beinff  often  only  an  extreme  type  of 
"  ^idiorite."  *    Even  coarse  gabbros,  after  some  intermediate 
stages  of  mineral  change,  become  rolled  out  into  an  ahnost 
lajlonitio  condition  and  form  granular  homblendic  Ecbiata. 
The  silica-percentage  ia  about  50. 

IL  The  hornblende  is  small;  granular  or  idomorphic;  some- 
times fibrona  and  coarser.  The  typical  cleavages  and  pleochroism 
«an  be  seen.  Bands  of  granular  clear  colourless  matter  occur, 
which  show  between  crossed  nicols  a  mosaic  of  loir  colours, 
^lieao  consist,  in  the  majority  of  oases,  of  granular  felspars,  as 
may  be  determined  with  convergent  polarised  light.  Twinning 
«an  be  seen  in  some  of  the  grains,  and  they  consist  of  lime-  or 
lime^Mda-pIagioclase,  which  bu  recrystaUised  in  this  condituKi. 
<See  alao  "e^orite,"  pp.  226  and  229.) 

Prisma  of  yellow  or  colourleM  epidote,  or  of  zoiaite,  may 
be  abundant.  Pale  pyroxene,  sphene,  aud  garnet  should  be 
looked  for.     Iron  oxides,  titanic  or  not,  and  ratile,  are  very 


fioclei  of  fblspar  or  hornblende  may  be  seen  extending  their 
boundaries  by  clearer  purer  additions  from  the  metamorphio 
mixture  round  them. 

Other  Varittiei  of  Amphibole-SchitL — AcriiroLiTB-ScmBT,  A 
pale  or  bright  green  variety,  of  limited  occurrence,  containing 
needles  of  actinolite.  The  name  is  sometimes  given  to  a  talo- 
flchist  with  actinolite  from  the  St  Gottbard  above  Airolo. 

Glaucophane-Schibt.— I.  This  rock  occurs  in  very  important 
masses  in  the  southern  Alpine  valleys,  particalarlr  near  8. 
Marcel,  in  the  Val  d'Aosta ;  and  it  has  been  found  near  the 
Anglesey  Monument,  on  the  Menai  Straits,  by  Prof.  Blake. 
Probably  it  is  of  wider  range,  but  has  been  overlooked.  Its 
eolonr  ia  a  characteristic  slate-blue  grey,  deepening  almost  to 
black,  but  distinct  from  the  green-black  of  common  hornblende- 
schist.  The  prismatic  habit  of  the  glaucophane  gives  a  silky 
lustre  when  this  mineral  is  abundant.  Faint  yellowish  veins  of 
epidote  traverse  the  rock,  and  this  mineral  b  also  found  through- 
out the  Csliation-layers.  Garnet  is  sometimes  conspicuous  (as  in 
the  "  Glaucophane -Eclogites,"  which  are  intimate  allies,  if  not 
actually  to  be  classed  as  schists). 

H.  Qlaucophane,  with  its  beautiful  pleochroism  and  prismatic 
forme,  abounds.     Pale  yellow  epidote  and  quarts  are  commonly 

S resent.     Garnet,  in  pink  grains,  occurs  in  the  "eclogite  "  types. 
>utUe  ii  well  developed  at  St.  Marcel. 

■  Sea  partionlariy  TeaU,  Qwirt.  Joum.  Oeol.  Set.,  voL  xlL  (18SS},  p,  0), 
aad  Briiiik  Fttrogr,,  p.  198)  plates  xix.  and  xx. 


:ecb,  Google 


UETAHO&PBIO  BOCKB.  S83 

Eclo^te  (HMiy,  1822).  —  Oonsists  of  pjroxene  or  amplti- 
bole,  with  garnet.  In  the  typical  rock,  the  pyroxene  predomi- 
uatea  over  unphibole,  and  is  a  bright  green  variety.  Eclogite 
has  often  a  echietose  gtructnre,  and  may  in  Bome  case*  be  of 
mixed  sedimentary  and  igneous  origin. 

Calc-StshisL — I.  This  is  the  schiBtcee  representative  of  the 
limestones  with  accessory  silicates,  these  minerals  forming 
InstroDS  specks  and  rods  upon  the  planes  of  foliation.  Host 
commonly  the  rock  is  a  schistose  "  cipollino  "  (see  p.  374),  the 
predominant  silicate  being  pole  silvery  mica.  At  Shinness,  in 
Sutherland,  amphibole  (tremollte,  &c.)  is  developed  in  calc-schist. 

The  knife  readily  detects  the  trae  character  of  the  rock.  Its 
oolour  is  white  to  grey,  and  its  general  paleness  makes  ita 
exposures  in  the  Seld  a  contrast  to  those  of  the  schists  associated 
with  it.    Since  it  is  far  less  fissile  than  ordinary  schists,  it  can  be 

aoarried  in  regular  blocks  like  other  limestones.    When  treating 
le  rock  with  acid,  it  must  be  remembered  that  calc-scbiat  in- 
dudes  schistose  dolomites. 

XL  Nothing  need  here  be 
added  to  what  has  bean  said 
onder  the  head  of  crystalline 
limestones    (see   also  fig.   23). 

The  ailicates  may  be  examined  ^ 

separately,   if  necessary,   after  Z 

treatment  of  the  rook  with  acid. 

Qnartz  -  Schist.  —  Foliated 
qnartzite  with  mica,  iic.  (see  fig. 
44).  See  account  of  quartzites, 
p.  276.     Also  granulites. 

Sub-gnmp     3  —  OneiaHBB.—    Big.    «■ -Ancient    Conglomonite. 

as  coarsely  developed  schists,  it  ^te.      f.  Gritty    undstone    with 

is  the  felspathio  element  that,  cementing  material    q,  Qu>rt2it«. 

by  its  prominence,  marks  them  *<^  Schiat.  with  ohsraotemtic  out- 

Off   most    distinctly  from  the  ^to^t^'rli^^i^J^Z^/tE^'S 

foregoing  sub-group  and   alUes  tian-gnrfaces.     Tfiia  oo^glomemte, 

them  in  their  general  characters  probably  itaelf  Pre-CombHsn,  givea 

with  the  igoeoufl  series.     There  evidence  of  the  eiisttnee  of  ma- 

can  be  no  doubt  that  an  im-      *r^  "''''=''«^,'™  J?*^'' ■"=«""'«■ 

.  ,  ehosed  at  b  still  earlier  date. 

menae  number  of  occurrences 

of  gneiss  are  due  to  the  action  of  earth-movement  upon  well 
crystallised  igneous  masses ;  and  the  very  remarkable  work  of 
Lehmann  in  8asony  and  Lawson  *  in  Cannda  shows  how  this 
^im.  Stpart  CbTuuftan  Sinay 
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diffioolt  qnMtion  mfty  be  attackad  &nd  invutigRled  in  th«  field. 
BttoftBU  a  coAne  gneiu  aooornponies  and  ia  Meminglj  inter- 
itnrfdGed  with  a  aeriea  of  Bchisls,  we  moat  not  oonolnde  that  it 
formed  part  of  the  origins]  depositB  of  the  locality,  linoe  it  inaj 
resnlt  from  a  uries  of  lat«r  parallel  intnuiona. 

Borne  gneiuea  owe  their  foliatioa  to  original  condition!  of 
eonsolidation  (see  p.  102),  and  are  therefore  not  ntetamorphio; 
In  sections  of  such  rooks  the  larger  oonstituents  will  not  be 
Burronnded  by  mylonitio  matter,  aa  in  gneiuei  that  have  been 
foliated  BnbsequeDtly  to  oonaolid»tion.  On  the  other  hand, 
modem  research  seems  to  confirm  the  old  riew  that  gneisses  may 
be  formed  from  sediments  bj  extreme  oontact-metamorphism 
(see  Barrow,  Quart.  Joum.  Geol.  Soa.,  vol.  xlix.,  1893,  p.  343, 
and  Callaway,  Und.,  toI.  liv.,  1898,  p.  374). 

I.  The  gneisses,  through  the  presencB  of  compact  bands  or 
orystal-knota  of  felspar,  quarti,  &e.,  and  through  the  ooarseneaa 
of  the  foliation,  do  not  split  so  readily  as  schists.  A.  luge 
■pecimen  must  often  be  cbosen  in  order  to  show  the  foliated 
fltraotnre.  Eye-structure  is  magoifioently  displayed,  as  in  onr 
own  Hebridean  rocks  or  in  the  "Protogine"  masses  of  Hont 
Blanc.  Sometimes  the  white  felspar  eyes  are  embedded  in  a 
foliated  ground  of  dark  mica  or  hornblende,  and  the  rook  may 
be  taken  for  a  porphyritic  mica-Kiiorite  nntil  the  arrangement  oi 
the  minerals  is  fully  realised. 

Whatever  the  origin  of  the  felspar,  it  clearly  existed  in  a 
nnmber  of  oases  before  the  deformation  of  the  mass.  All  the 
eharacters  shown  by  felspar  in  granite  rocks  are  repeated  among 
the  gneisses.  The  micas  and  t'erro-magnesian  constituents  are 
often  quite  scanty  ;  but  quarts  is  exceedingly  common,  both  in 
knots  and  bands.  Large  garnets  occur  aooesaorily.  Oordierite- 
Oneies  exists — in  Bavaria,  for  example. 

Though  Docasionally  sinking  to  60,  as  in  gneisses  rich  in  horn- 
blende or  biotite,  the  percentage  of  silica  is  very  often  above  70. 
This  statement  excludes  the  exoeptional  basic  gneisaoid  rocks 
that  ore  produced  upon  the  margins  of  dioritea  and  gabbros, 
often  by  original  flow. 

n.  The  section  must  be  as  large  as  possible.  The  quarts  is 
in  irregular  granules,  often  obviously  crushed  into  a  mosato- 
condition  and  sprend  out  into  streams.  The  micas,  often  biotite^ 
occur  in  rather  small  crystals,  and  their  foliated  arrangement  is 
much  disturbed  by  the  coarse  hard  crystals  over  which  they  are 
pressed.  The  la^er  felspars  show  microline  structure  and  cross- 
twinning  in  many  cases,  and  are  evidently  under  coosiderable 
■tress;  tney  may  be  surrounded  by  gr«nalated  portioni  removed 
fiXHu  them  and  spread  out  round  them. 
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In  fiict,  the  ohanctera  or  a  deformed  igneoni  rock  are  agaia 
»nd  i^ain  displayed  in  sections. 

Oordierite,  when  it  occurs,  most  be  first  studied  in  the  rock 
itself.  Its  sections  are  full  of  bent  and  tuflrlike  fibrous  inclu- 
sions of  sillimanite. 

Varietie*  of  6n«iw,— Gabbro-Onelas  (fig.  45). — This  is  a  type 
of  many  gneiESoid  rocks  found,  as  above   remarked,   on   the 
margins  of  true  igneous  masses.      The  diallagic  pyroxene  is 
reduced  to  brown  knots  and  eyes,  with  a  stream-like  develop- 
ment   of    secondary    ampbibole 
formed  round  it  and  connecting 
the   residual  crystals    one  with 
another.    The  felspar,  which  has 
already  become  saussnritic  ia  the 
true  gabbro,  is  drawn  out  into 
foliated  bands,  and  more  trans- 
parent secondary  granules  have 
arisen,  as  in  so  many  epidioritea.* 
The  nsulting  rock    b    a    basic 
gneiss,  the  metamorphic  origin 
of   which,   when  considered    in 

connexion  with  the  slickensides  Kg.  41.— Gftbbro-Oneiu.  LaCb«D- 
and    evidences    of    earth -move-  aillat,   Mt.   QentTre,   Hsntos 

ment,     must     be     rwarded     as  *lp^-     \  Btamiuj   horn- 

proved  for  particular  cases.     In  ""P^"'  ?"""", f  ^^'  "^ 

otbers  it  may  be  maintained  that  ]tt  gooondftiy   Plasioclaae, 

the   structure    arose   during   the  fomilDg  colonrlen  Uyer*.    «, 

last  consolidation  of  the  mass,  aa  Original  PUgioolaie,  new 

contact  -  walls.     Evidence    must         lo  the  nopw  pit  of  tha  fiald. 
therefore    be    gathered    in   the         Foliated  stouotuNL 
field.      If    veins    with    gneissic 

structure  can  be  found  penetrating  surrounding  unfoliated  rocks, 
the  structure  in  the  igneous  rock  must  be  of  primary  origin.  A 
similar  inference  may  be  drawn  if  Ibliation  exists  both  in  the 
surrounding  rock  and  the  igneous  veins,  but  in  different  direc- 
tions. The  foliation  in  the  veins  will,  in  coses  of  flow,  be 
parallel  to  the  walls  of  the  veins. 

Lastly,  the  lack  of  variety  in  gneiss  arouses  some  suspicion. 
Almost  all  gneisses  resemble  metamorphosed  granites  or  quartz- 
diorites.     More  complete  knowledge  may  show  us  that  basic 

late  roeki  as  noD.emptivs, 
AUgtm.  u.  ehem,  Oiot,, 
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tjpes  do  not  appear  freely — fintty,  bncaaH  the  oompoution  of 
such  rooka,  whether  they  are  Bedimentary  or  igneous  ill  origin, 
ia  not  suited  to  the  development  of  large  felsparg  and  coarse 
Btrueturee  under  metamorphic  action  combined  with  movement; 
flecondly,  because  any  such  bolder  crystals  already  existing  ia  a 
pnniary  basic  mass  become,  from  their  composition,  readily 
broken  down ;  these  recrystallise  id  granular  and  microlitio 
forma,  so  that  the  ultimate  result  of  earth -pressure  is  a  fine- 
grained rock  which  one  would  class  witlioub  hesitation  with  the 
sthista.  To  take  an  extreme  caae,  serpentine-schists  abound;, 
but  an  olivine-  or  ■  serpentine-gueiss  would  seem  tt  structural 
imposaibility. 

On  the  other  hand,  it  is  very  possible  that  highly  silicated 
rocks  are  really  more  abundant  in  the  outer  layers  of  the  earth's 
crust,  giving  rise  to  large  areas  of  gneiss.  The  occurrence  of 
basic  rocks  would  then  be  more  of  the  nature  of  an  accident,  and 
would  be  due  to  the  local  protrusion  of  matter  from  a  lower 
level,  or  to  the  refusion  of  material  already  so  protruded. 

ifole. —GBAMULrrs  is  s  term  for  >  great  gnmp  of  rooks,  moatlr  rocte* 
nKir[)liic,  which  hsva  &a  a  common  character  a  fine-joined  gnuinlar 
etmctare.  ,  The;  ore  of  the  moat  varisd  composition,  nnd  must  be  regarded 
as  Htructnral  varietieB  of  a  iiamber  of  well-lcDawn  rocks.  The  ramarkabia 
*'  trap-granulitea  "  appear  related  to  the  granular  diorites  and  gabln'oa  (p. 
230),  and  their  constituenta  are  probably  racryatalli«ed  products,  being  claw 
and  beantifnily  fresh  under  the  micraacope.  At  the  opposite  extrama  are 
tba  common  qnartzose  grannlitea,  which  are  crannlar  quartzites,  often  vUHt 
meceBtory  minerals.  Some  of  the  Swedish  "  faalleflintas  "  are  metamorphio 
products ;  others  may  be  enrites  or  old  lavsa. 

Jianyoi  BaUy's  "  Leptynitea  "  (a  name  given  becaose  the  felspar  partictee 
are  "  thinned  down"  in  their  dimensions)  are  felspathio  gTannlites;  bnta 
more  precise  name  can  often  be  assigned  tu  them  in  the  field,  when  th^ 
pr«ve  to  b<3  granular  apliMa,  or  even  feltpathio  saudstonee  altered  by 
contact-metamorph  ism. 

The  common  microscopic  character  of  the  graunlitos  is  the  oocnrreaoe,  a« 
above  stated,  of  a  fine-grained  graonlax  strncture.  Foliation  may  be  also 
visible,  bnt  is  not  neoeesarily  distiaet  so  far  as  seotions  are  ooneenied. 
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PAST    IV. 
THE  EXAHINATION  OF  FOSSOS. 


"Hio  MMoh  for  k  foMlI  may  be  oonridered  u  least  aa  ratioiuJ  m  tliB 
ponnit  of  «  hanL*' — Welluk  Skith,  StratigrapKiaU  System  of  Or^aivatd 
JVMnfi.  1817. 

"Neqoe  mirandmn  in   mediterraneiB,   et   montibni  altiuiniia  reperiri 
"\  nuuitima  in  lapidea  converaa,  noQ  eoim  abBordnm  alt,  DDullMk 
....       ..    « urvs,  iJ«  JfMa«»eM,  1696. 
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IMTRODUCTORT, 

Thx  exact  determin&tton  of  fossil  species  is  a  matter  rather  fiir 
the  specialist  than  for  the  student  or  the  f^ologist  in  the  field. 
The  proximity  of  good  libraries  and  continnallj  revised  mnseam' 
collections  is  essential  for  the  comparison  of  the  specimens  col- 
lected with  accaratel^  defined  types  of  species.  But  every 
geologist  should  be  acquainted  with  the  principles  that  guide 
the  pabeoutologist,  and  with  the  points  on  which  he  relies  for 
the  discrimination  of  the  more  important  genera  of  fossil  forms. 

There  are  certain  names  that  are  household  words  among 
seologists,  although  possibly  of  little  interest  in  pure  zoology. 
Every  reader  of  text-books  encoanters  Phaeoj^  and  Productua, 
Trifonia  and  Limnaa.  He  collects,  moreover,  with  enthusiasm  ia 
the  field,  where  he  views,  among  limestone  scarps  or  delicately 
bedded  shales,  a  buna  almost  in  its  habit  as  it  lived,  In  leisure 
hours  he  endeavours  to  connect  what  he  brings  home  with  the 
types  selected  by  stratigrapheTS.  In  the  following  pages,  there- 
fore, we  propose  to  give  an  outline  of  the  characters  of  the  most 
epical  and  abundant  fossil  genera,  confining  ourselves  to  invet^ 
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't«bnite8  ftnd  nuunlj  to  forms  well  known  in  the  British  Isles. 
Prefixed  to  the  Kcconnt  of  the  memben  of  each  clasB  is  a  kind  of 
glossary  of  the  terms  ordin&rily  used  in  the  desoriptioa  of  suoh 
of  their  pftrts  as  are  found  fossil.  It  is  hoped  that  by  this  means 
the  reality  of  the  distinctions  made  between  the  remains  of 
certain  genera,  and  the  reality  of  the  relationship  between 
others,  may  be  adequately  grasped,  and  that  attention  may  be 
called  to  the  features  which  shonld  obtain  prominence  in  the 
description  of  a  fossil  form. 

Such  features  may  or  may  not  possess  importance  to  the 
zoologist.  It  must  be  remembered  that  we  are  here  examining 
fbssils  from  a  nttber  limited  and  geological  standpoint,  our  first 
consideration  being,  what  is  the  age  of  any  series  of  deposits,  and 
secondly,  what  were  the  conditions  prevailing  in  the  area  under 
examination  at  the  time  that  any  particular  bed  was  being  laid 
downt  We  have  ozamioed  the  mineral  features  and  have 
classified  the  rocks.  The  age  of  the  deposits  is  a  matter  of 
paramount  interest  and  importance,  and  the  species  of  fossils  are 
our  surest  giiida  The  assemblage  of  genera  will,  however,  be  of 
Teiy  considerable  service  in  the  absence  of  means  of  accurately 
defining  species ;  and  this  assemblage,  moreover,  will  generally 
answer  the  question  as  to  the  prevalence  of  fresh-water  or  marine, 
■hallow- water  or  deep-water  conditions. 

Eence,  while  the  philosophic  zoologist  may  be  inclined  to 
think  lightly  of  eluborate  specitic  distinctions,  the  geologist 
has  to  cunsider  animals  and  their  remains  £r<nn  »  position 
peculiarly  his  own.  While  a  geologist  looks  Tertically  down 
each  long  chain  of  lile-forms  that  has  yielded  ns  an  exiscinf; 

ries,  the  geologist  endeavours  to  look  horizontally  across  aU 
lines  at  once,  cutting,  indeed,  the  complex  structure  of 
chains,  continuous  or  bifurcating,  with  a  plane  that  comes  in 
contact  merely  with  the  contemporaneous  links. 

Aloreover,  he  has  to  deal  almost  entirely  with  the  hard  parta 
of  his  animals,  or  with  the  mere  leaves  of  plants  dissociated  from 
reproductive  structures.  His  fossils  must  be  classified  largely 
by  conjecture,  and  often  by  means  of  characters,  as  we  ^ve 
pointed  out,  of  doubtful  zoological  value. 

In  this  little  book  we  deal  purely  with  the  relics  known  «■ 
fossils,  not  by  any  means  ignoring  that  most  fascinating  science, 
palceontology,  but  looking  merely  at  one  branch  of  it,  which  we 
might  term  "  sclerography,"  the  description  of  hard  parts  only. 
Questions  of  life-history,  animal  structure,  or  relationship  with 
modem  lorms,  we  must  leave  to  zoological  aod  pabeontologioal 
writers;  and  we  need  scarcely  add  that  an  a«qii»iT»*^tn.ff  with 
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•Didi  matters  is  pre-auppoaed  in  every  serioua  student  of  fossil 
remains.  The  worker  who  wonld,  for  the  purpose  of  an  ex&mina- 
tioa  or  the  labelling  of  a  collection,  go  through  the  following 
pages  without  looking  bejond  them,  without  endeaTOuring  to 
picture  a  fouil  as  part  of  a  living  moving  fauna,  mstj  acquire  a 
number  of  disconnected  iacts,  but  will  scarcelj  be  in  a  position 
to  spplj  any  one  of  them  to  the  explanation  of  stratified  deposits 
in  the  field. 

The  order  in  which  the  classes  of  organisms  are  here  arranged 
ii  purely  utilitarian.  The  Hydrozoa,  Actinozoa,  aad  Folyzoa, 
have  thus  been  treated  in  suocession,  owing  to  the  difficulty 
sometimes  ezperienced  in  correctly  assignine  ^  fossil  colonial 
organism  to  any  one  of  these  divisions.  The  Idmeliibraachiata 
follow  on  the  Brachiopoda,  so  that  the  contrasts  between  the 
two  groups  of  bivalve  shells  may  be  emphasised.  The  Echino- 
dermata  and  the  Annelida  thus  obtain  a  somewhat  late  position ; 
bat  even  zoologists  will  hardly  object  to  the  spUtting-np  of  the 
heterogeneous  group  of  "  Y  ermes." 

The  genera  selected  are  arranged  simply  under  their  respective 
classes,  and  occasionally  orders,  without  division  into  fomilies. 
The  alliance  between  any  two  or  more  forms  that  may  be  dis- 
cussed is,  however,  pointed  out,  and  a  black  line  between  two 
descriptions  marks  tne  passage  to  a  fresh  group  of  types.  Such 
descriptions  as  are  here  given  cover  only  a  small  portion  of  the 
ground,  uid,  when  a  specimen  under  examination  &ils  to  agree 
in  eesentiat  features  with  any  of  tiiose  quoted,  its  characters 
should  be  written  down,  and  eomparison  made  at  the  first 
opportunity  with  examples  in  museunis  and  with  the  details  in 
apecial  works,  such  as  the  volumes  below  mentioned  or  the 
publications  of  the  Falnontographioal  Society.  Practice  in 
oeaoribing  fossils  will  naturally  develop  greatly  the  observation 
of  their  essential  structures. 

The  division  of  fossil  forms  into  marine  brackish-water,  or 
fredi-water,  is  natni^ly  difficult  in  some  oases ;  and  to  reaooa 
from  analogy  with  modem  forms  is  likely  to  be  misleading. 
Boty  from  the  association  of  one  fossil  genus  with  another,  and 
from  the  physical  characters  of  the  strata  in  which  they  lie,  we 
can  add  information  on  this  important  point  with  oonfidenoe  in 
the  OMM  of  moat  of  the  common  forms  about  to  be  d' 
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_. K._Hainel  da  Conohyliologio.     8»»y,  Pwii,  M87.     On  tbn 

lima  of  Woodward's  work,  extcmded  uuTbToiiKbt  admirably  np  to  date. 


PHiLUFa. — M«.Tni«l  of  GaolM^.  <Phy*ioaI  Q«oliogj,  Stntigraphy,  and 
Pftlteontalfwy, )  Edited  by  R.  ETHZKiDac  and  H.  OTSEXLvr.  C.  OiiSn 
&  Co.,  London.     2  vols. 

QmHBTiST. — Handbuoh  der  Feteefaktenknnde.    I«npp,  Tflbiagen,  188S. 

BramiAirN. — BlBSUute  dor  PalSoitologie.  EogsIioMiu,  Leipog,  1S88- 
1890.     (Espeoiallv  clear  Qgone. ) 

H.  WiWDB.— ElemeDtAry  PaltEontology;  ittTertebrate.  Cambridge  tTnir, 
Press.    2nd(id.,  1896. 

S.  P.  WooDWA&D. — Mamial  of  the  Holhuin.  lat  edit.  pnb.  by  Weale, 
18G1-6.  Now  pub.  by  Croeby,  Lookwood  &  Oo.  Indndes  modem  fonu, 
Aud  ii  in  nuuiy  reapecta  a  olauia. 

A.  Smith  Wocdwabd. — Outlines  of  Vertebrate  PalnoDtoIogy.  Cam- 
"bndgt  Univ.  Press,  1698. 

ZmzL.— (i.)  Handbnoh  der  Palaeontologie.  Oldenbout^r  LeipEig,  167S 
aad  omrardi.     (Freooh  edition  by  Barroi*  ;  pab.  by  Doin,  Faria.)    4  toIb. 

(iL)  Orondzttge  der  FaUooQtologie  (Falaeoioologie).  Ibid.,  1895.  Thia 
involvea  many  reviliona  of  pointa  in  tbe  previous  "  Eandbtiah,"  and  like 
Uie  work  of  Bernard,  forms  one  of  the  most  oomprehensive  works  in  one 
Tolnme  eituit.  A  oonsidersbly  modified  EngUab  version  by  C.  £.  East- 
nun  is  now  appearing  (M««inillan,  voL  L,  1900). 
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Borne  rocka,  from  their  mineral  and  physiokl  oonatitntion,  Kn 
admirable  preBerreTs  of  fosRils,  while  others  oontftin  few  or,  per- 
bapB,.uone.  In  this  latter  oaae  diligent  search  mast  be  made 
for  cMtt  and  impressions,  and  conoretione  of  ironstone,  silioa, 
ko.,  must  be  examined  for  their  included  and  protected  fossils. 
Bren  if  there  are  so  fossils,  it  may  still  be  possible  to  oorrelote 
tiie  strata  with  others  in  which  fossils  are  abundant. 

Thm  sandstones  are  often  devoid  of  fossils  for  varioDS  reason*. 
Apart  fk^m  their  permeability,  the  coarsf^r  grits  and  the  con- 
glomerates would  be  likely  otxt;  to  ocntain  fragments,  since  the 
matarials  would  grind  delusate  sheUs  to  pieoea  dvring  the  aotnal 
depositicm  of  the  rock. 

Olaja  preserre  shells  excellently,  but  extraotios  when  the 
rock  is  mobt  is  almost  hopeless.  The  dried  talus  at  the  foot  of  a 
«h7-ei|>osHM,  or  1^  small  rubblj  lumps  thrown  aside  in  a  biick- 
pit  and  broken  up  hj  sun-oraoks,  may  be  tomed  over  with  great 
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advaat^e.  Now  aad  then  slabs  or  lnmp«  cui  be  out  out  and 
allowed  to  diy  bIowIt  on  a  shelf  at  homo.    (See  p.  198.) 

The  conoretitma  of  calcarecraa  or  phoephatic  matter,  or  of  clay- 
ironstone,  ia  clays  most  be  lnt>ken  open  in  the  Honroh  for  fossils, 
flinoe  th^  split  &irly  along  the  planes  of  bedding  and  oftea 
reveal  shells  in  excellent  condition. 

In  days  the  foeailB  are  often  pyritised,  the  material  being 
oommonly  marcaaite,  the  deoomposable  form.  Oasts,  tme  psen- 
domorpbs,  and  nodnlar  concretionary  aggregations  Burrounding 
fossils,  occur  in  this  material.  The  cubic  iron  pyrites  (pyrite) 
is  stable;  but  the  less  lustrous  maroasite  goes  to  pieoea  gradually, 
and  specimenB  become  rednoed  in  the  cabinet  to  on  effloresoent 
powdery  mass.     Coating  the  fossil  with  vanuBh,  or  boiling  in 

taraffin,  will  retard,  if  it  will  not  entirely  Stop,  this  very 
sleterions  prooees. 

Limestones  are  a  fruits  source  of  fossils,  since  they  so  com- 
monly originate  in  the  accumulation  of  organic  remains.  But 
the  eztxaction  of  individual  specimens  is  often  difficult  enough. 
We  have  mentioned  this  matter  and  the  cleaning  of  fossils  when 
dealing  with  the  limestones  as  rocks.  Suitable  specimens  will 
often  occur  weathered  out  in  the  wster-waya  of  the  rock,  whether 
joiDt«urfaces  or  conspicuouB  planes  of  bedding.  In  oompact 
limestones  the  edges  of  the  fossil  sheUs  are  again  and  again  seen, 
bnt  recognisable  forms  are  only  to  be  obtained  by  turning  over 
blocks  that  have  been  long  exposed  upon  the  talua,  or  by  spuing 
nuas  after  msss  until  a  fortunate  Enurture  occurs  wluch  paasea 
round  and  not  through  some  rensting  fossil. 

In  dolomites  the  shells,  corals,  iic^  are  often  lost  by  solnidtm 
and  reorystallisation  during  the  minwal  changes  in  the  mass. 

In  all  limestones  fossils  are  liable  to  be  preserved  as  oasts 
in  flint,  or  other  varieties  of  chalcedony.  The  shell  itself  breaks 
away  on  disintegration  of  the  rock,  and  the  siliceous  casts  are 
found  as  "  derived  fossits  "  in  gravds  of  &r  later  date,  as  on  the 
Surrey  Downs. 

Fseudomorphs  or  casts  in  carbonate  of  iron,  hematite,  &c,, 
may  be  expected. 

Under  the  head  of  Shelly  Limestone  referenca  has  been  made 
to  the  work  done  in  the  determination  of  the  constitution  of 
shells — «.«.,  whether  they  consist  of  caldto  or  aragonite  (p.  201). 
Some,  as  Lingula,  contain  a  great  proportion  of  phosphate  of  lime. 

We  have  also  mentioned  varioos  modes  of  extraction  of  small 
fossils  from  clays,  &c.  Such  isolated  specimens  may  be  mounted 
like  sand-grains,  either  as  opaque  or  transparent  objects.  Many 
ooUectors  mount  larger  fossils  with  fish-glue,  or  other  cemen^ 
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upon  irooden  tablets,  the  l&bel  being  affixed  below ;  but  both 
Bur&oea  of  the  shell  shonld  be  represented,  and  for  all  oolleo- 
tions  a  loose  specimen  in  a  card  tray  *  is  probably  best.  The 
specimen  ahoatd  hare  a  number  upon  it,  oorresponding  to  that 
on  the  label  in  the  tray.  Small  forms  can  be  couTeniently 
kept  in  little  glass  specimen-tubes  with  corks,  which  are  to 
be  obtained  of  any  dmler  in  natural  history  objects ;  they  can 
'  thus  be  inspected  easily  from  all  points  of  view  withont  actual 
handling.  A  label-slip  can  be  written  and  placed  within  the 
tube  itself. 

Oollections,  of  course,  vary  greatly  according  to  the  district 
which  it  is  most  important  to  represent.  la  our  concluding 
pages  we  give  a  suggested  list  of  typical  fossils  from  the  principal 
divisions  of  the  strata  of  the  British  Isles,  with  a  few  foreign 
additions  to  render  the  series  more  oontiuoons  from  the  point 
of  view  of  geological  time.  It  is  very  easy  to  improve  upon 
this  list  by  the  addition  of  further  forms ;  but  we  trust  that  as 
a  baeb,  and  as  the  nucleus  of  a  collection,  it  will  be  found  to 
be  fairly  representative.  Some  of  the  forms,  such  as  Olenellus, 
though  very  characteristic  when  found,  are  too  rare  to  have  a 
a  place  in  ordinary  collections. 

Lastly,  in  procuring  characteristic  fossils,  we  must  oarefiillj 
note  in  the  field  the  distinction  between  the  remains  of  animala 
that  were  contemporaneous  with  the  deposition  of  the  strata  and 
those  which  have  been  washed  in  as  derived  fossils  &om  earlier 
formations.  The  efiecte  of  rolling  and  rounding  on  the  latter 
can  generally  be  detected,  and  suoh  fossils  have  often,  moreover, 
undergone  considerable  mineral  change.  They  may  also  be 
found  to  be  filled  with  material  differing  from  that  by  which 
they  are  now  surrounded — a  very  useful  and  interMting 
obeervation. 
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Tabli  of  thbTbbhs  used  in  brfkbbinq  to  the  Qkoloqioal 
fobmationb. 

M    Poet-Fliocbub  uid  RioixT  (iaolnding  the  present  time). 
^    Pliockhb. 

O      MiOOBNK. 

g     OLiGocxm. 

^      EOOBHC, 

o  ". 

TTppee  OextaceousJ^-^'^^^J^  ••"*  ^PP^  ®^  " 

LowEB  CBmAcsoosje^*^  to  6r„«&  and  P.  (7r*««a«<i 
I  tn  Bntam). 

[  Fppeb  (Qe/ord  Clay  to  Purheei;  with  T'ilAomtan). 
JuBAflBio.  -I  Middle  (Jifu^cnl  Sandt  to  (7orn6raf&). 

(  LOWEE  (^'(m), 

Trias  (indnding  SLetie). 

^  [FKRinAff. 

O     Cabboniferous. 

S  J  DsyOHiAtr. 

S  I  QoTLANDiAH*  (Llandovery  to  LutUouj  Seriea  In  Britain). 

iJ  I  Ordoticias JJr«ni^  to  &i£i  iS^sri'iM  in  Britain). 

^  I  Oahbrian  {Taanian  to  Tremadoo  Seriet  in  Britain). 

JTofc. —Bastrs  of  Genera.— It  muit  be  bome  in  mind  that  the  nuige  of 
a  genua  in  time,  sa  stated  in  tezt-booki,  miut  siwajB  be  liable  to  ei(«nBion 
through  new  discoveriea.  Hence  it  is  of  more  importance  to  realise  the 
time  and  conditions  of  maximam  development  of  a  senua  than  to  define  its 
exact  horizans  of  appearanoe  and  disappearance,  which,  indeed,  oui  dbvot 
be  more  than  approiimatelj  known. 


"  Ordorioiaa  "  iai  the  "  Ijower  Siluriaa  "  strata. 
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A.  FoBAMUiiraBA. 

MoDXHK  formi  of  th«  shells  of  theae  protoEoaua  nifty  almoab 
inTariabtjr  be  lifted  oat,  or  seleoted  hy  the  eye,  from  tlie  finor 
material  of  our  beaches.  While  acme  are  bailt  up  of  asglnti* 
nated  aand-grains,  spicules,  Ac  ("  Arenaceons "  types),  the 
majority  met  with  are  oalcareooH.  The  latter  fall  into  two 
diTisions,  the  "  Imperforate"  types  and  the  "Perforate,"  so  named 
from  the  absence  or  presence  of  minute  perforations  in  the  shell. 

Under  the  mioroaoope,  the  calcareoas  shells,  when  isolated, 
are  not  so  perfectly  transparent  as  the  siliceous  shells  of  the 
Kodiolaria;  in  the  perforate  forms  the  minute  tubules  of  the 
walls  give  fragments  a  fibrons  effect  when  viewed  sideways, 
and  a  pitted  effect  when  looked  at  from  the  outside  or  inside 
of  the  shelL  With  crossed  nicols  Uiese  calcareous  shells  show 
the  dark  cross  due  to  the  fibrons  aggregate  structure  (p.  149), 
and  their  atiieotropic  character  is  a  ready  means  of  distinguish- 
ing them  from  the  istropio  siliceous  ^eletons  of  radiolaria, 
sponges,  or  diatoms.  ' 

Olauconite  is  frequently  found  in  association  with  these  shells, 
partially  or  completely  filling  the  chambers  with  a  darkish 
green  deposit.  Oasts  are  thus  formed  of  the  interior,  and  may 
remain  in  rocks  after  the  complete  removal  of  tho  shell. 

Some  practice  will  be  required  in  picking  out  foraminifei:* 
from  among  other  small  shells,  such  as  young  gastropods  and 
bivalves,  which  may  only  distantly  suggest  the  corresponding 
adult  forms.  In  sections,  the  chambered  character  of  all  typical 
fbraminifera  is  sure  to  be  successfully  revealed.  The  mode  of 
making  sections  of  isolated  forms  is  described  on  p.  129. 

For  a  correct  appreciation  of  the  characters  and  variety  of  type 
of  this  important  rock-building  group,  we  may  refer  to  the  plates 
illustnting  Mr.  Brady's  magnificent  "  Ohallenger  "  Beport. 
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(a.)  Inparforate  Caicanou*  ShtOt. 

Stiella  probably  formed  of  aragonite,  and  TMembling  irhita 
porcelain  (whence  the  group-name  "  Poroellaoea  ") ;  without  per- 
forations in  the  extemid  wall,  excepting  at  the  tenntnal  "mouth" 
or  along  the  outer  Emw  of  the  last  Beries  of  chamben  in  some 
coiled  lormB  (as  along  the  margin  of  Orbitolitea).  Marine  > 
generally  shallow  water. 

Hiliola  (or  "  Miliolites  "). — f'ormed  of  pillow-shaped  chambers 
which  SQCceed  one  another  in  a  spiral,  the  plana  of  which  is  in 
Bome  Tarieties  shifted  during  growth.  Tbe  chambers  lap  round 
and  conceal  tbe  preceding  ones  pwtiallj  or  flntirely,  and  many 
subgenera  hare  been  established  on  rariations  in  this  character. 
Sections  ar^  however,  rery  oharaoteristio.  Triai  to  Secent; 
particularly  Cainozoie, 

{&)  PerfitraU  Caloareov  SheU$. 
Oalcite  shell,  truuparent  and  glasiy-Iooking  ("Titrea")  in 
modern  examples,  with  abundant  perforations  over  all  the 
■urface.  The  &lUag^ap  of  these  pores  gives  fossil  examples  a 
duller  appearance.  Long  delicate  spines  project  &om  the  surfaoo 
of  some  genera,  but  are  very  rarely  seen,  even  as  stumps,  in 

S reparations.     Marine ;  shells  found  at  2,500  &thomB  at  present 
ay,  but  they  often  sink  from  surbce. 

lAgeUL — A  single  chamber  shaped  like  a  Floreuoe-oil  flask, 
with  or  without  an  elongated  neck.  Sur&ce  smooth  or  ribbed. 
Qotla/ndion  to  Becent. 

ModraarlA. — A  series  of  Lagena-like  chamber*  succeeding  and 
partially  overlapping  one  another  in  a  straight  line  (a  carved 
variety  is  called  Dentalina).  The  last  and  largest  chamber  shows 
a  terminal  mouth,  corresponding  to  the  neck  in  I^igeiUk  Gof' 
bon^feroui,  but  mostly  later  and  EecenL 

TeztnlaJlL — Chamben  in  two  series,  united  along  one  side, 
th<»e  on  one  hand  alternating  with  those  on  the  other.  Viewed 
sideways,  this  gives  the  effect  of  plaited  work,  the  chambers 
being  elongated  in  an  outward  direction.  Arenaceous  forms 
with  similar  structure  are  common.  Particularly  Cretaeeout. 
Closely  allied  forms  abundant  in  Carboni/ermu.     Also  Recent. 

Olobigeiina.  —  Chambers  spheroidal,  agglomerated  on  one 
another  and  partially  overlapping,  often  with  a  trace  of  spiral 
arrangement,  the  largest  and  latest  chamber  having  a  sli^lik* 
mouth.  A  very  common  pelagic  form.  Trias  to  lioceiUj  pap- 
tieolarly  Cntacwua  and  Coinoxou, 
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Botalla. — Chambera  Baoo««duig  one  Knottier  in  a  Bpiral,  »U  tba 
coils  of  which  are  visible  on  the  upper  surface.  In  sections  the 
septa  between  the  chambers  are  seen  to  be  double,  and  there  is 
a  very  interesting  approach  to  the  canal-system  of  the  walls  of 
the  NummolinidK.  Juraine  to  Reeeni  ;  abandant  in  CreUieemu 
ftDd  onwards. 

NammolitaB  (fig.  16). — Ohambers  arranged  spirally  and  entirely 


# 


Fig.  ia.—K«mnndiUt  lamgaitu  (BncklMham  Bfid«],  (1)  Viewed  from 
aboTe  i  (3)  Tertical  saction ;  and  (3)  horizoDtal  aectjona,  embedded 
in  the  rock. 

embracing  the  earlier  coils,  thus  imitating  some  types  of 
unmonite.  The  whole  form  consequently  becomes  lenticular, 
and  the  great  number  of  the  chambers  is  only  realised  on 
fracture.  The  shell  breaks  easily  across,  in  the  rock  or  when 
isolated,  and  shows  on  its  circular  sections  a  close  spiral  with 
numerous  curved  septa,  and  on  its  cross-sections  the  extended 
saddle-like  shape  of  the  chambers,  their  investing  prolongations 
being  crossed  by  little  bars.  The  shell  often  measures  2  or  3  cm. 
in  diameter,  and  sometimes  as  much  as  6  cm.  The  sur&ce  is 
^^ically  smooth,  sometimes  showing  wavy  linear  marVings. 
An  undulated  folded  appearance  is  characteristic  of  the  larger 
specimens.  The  great  size  of  this  foraminifer  and  its  abundance 
on  certain  horizons  make  it  an  im|H>rtant  rock-constituent. 

In  a  sub-genus  As^lina  the  coils  do  not  overlap,  so  that  the 
spiral  form  is  visible  at  the  surface. 

In  section  the  septa  are  seen  to  be  double,  and  the  "  inter- 
mediate skeleton  "  with  its  canal-system  is  well  developed,  the 
walls  being  greatly  thickened  by  it 

Carbon^er<nu  to  R«eviU.  Very  abundant  in  the  Socmt 
("Nammnlitic  strata").     Small  forms  still  living. 

OrUtoidea. — In  form,  size,  and  outer  appearance  much  lika 
Nommulites,  but  shows  when  broken  across  a  great  nuuLher  of 
■mall  chambers  lying  in  layers  above  and  below  a  median  band 
of  more  regular  and  larger  ones.     In  sections  parallel  to  ths 
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laycn,  th«  elwmben  of  tlie  mediut  Uyer  are  leen  to  be  divided 
from  one  Kaother  by  straigbt  septa,  which  alternate  in  poaition 
in  the  Bnoceeaire  coils  of  the  shell  Canal-ayatem  well  deVeloped 
between  the  chambers  and  in  the  septa. 

U.  Cretaceovi  to  Mioemte.     Yvcj  abundant  in  Soeent. 

Fosnllna. — Spindle-shaped,  some  10  mm.  long.  The  coilin^f 
takes  plaoe  spirally  round  an  axis.  The  lomewbat  irregular 
•epta  are  not  donble,  and  there  is  no  oanal-sjatem. 

Car&0n(^rou«  and  P«muan. 

(e.)  SluiU  Formti  by  Agglutination. 

A  niunber  of  theee,  built  up  of  sand  grains  and  other  partielef, 
occur  in  the  Carboniferous  Limestone  and  thenceforward.  (Se« 
Textularia,  p.  296). 

Saccamndna. — Shell  like  Lagena,  but  with  two  short  necks  at  op- 
posite ends ;  sometimes  theee  necks  serve  to  connect  adjacent  ihelUi, 
and  a  form  like  Nodosaria  arises.  On  weathered  sar&oes  of  lime- 
atone  the  cells  stand  out  like  little  globes  some  3  mm.  in  diameter. 

When  broken  or  in  section,  the  wall  is  seen  to  be  thick  and 
arenaceous. 

Cairbonifirotu,    Also  known  in  Btemt. 

Endoth^TiL — Allied  to  Kotalia,  but  the  shell  ia  lugely  built 
up  by  agglutination  of  calcareous  grains.  Month  nmple,  oa 
inner  margin  of  last  chamber. 

Carbon^emu. 

B.  Bad  lo  LABIA. 

The  remains  of  these  are  rarely  found  fossil  (see  p.  311), 
though  amr  have  been  olumed  as  occurring  even  in  the  oldest 
rocks.*  The  skeleton  is  siliceous,  and  ia  colourless,  transparent, 
and  isotropic  under  the  microscope.  Globular  and  helmet-shaped 
fimns  are  common,  though  a  few  are  discoidal.  Forms  with  one 
globe  within  another  are  very  typical  The  perforations  are 
bolder  than  those  of  the  foraminifera,  and  fragments  thua 
resemble  a  network  ;  fairly  coarse  spines  and  rod-like  pro- 
longations are  oommon.  A  few  of  the  skeletons  consist  of 
disconnected  spicules.  One  of  the  best  known  fossil  deposita 
of  radiolariana  is  the  Miocene  "earth"  of  Barbados,  which 
is  a  &TOurite  ol^ect  with  microscopic  dealers,  and  in  which 
the    characters    of   the    skeletons   can    be   admirably   studied. 

*8m  David,  Prwi.  Litm.  Soe.  IT.  3.  W.,  I89S,  (^  fiU  and  671 ;  Hlnda, 
AfM.  eaid  Mag.  Nat.  BiiU,  July,  18S0,  and  Quart.  Joum.  QtoL  Soe.,  voL 
xlfaL  (ISBS),  p.  21B,  pL  iv.  For  Crataceoni  fomu,  and  a  diKOuiou  of  tha 
aotattiw  Df  BadJolailan  ikeMraa,  see  Hill  and  JnkM-Bniwn*,  Aid,,  vol.  IL 


Some  fair  of  tti»  ndioUm  are  flattensd  or  discoidaJ  ;  but  tbaj 
Qftiuiot.  be  confused  with  diatoms,  owing  to  the  f&r  mora  delioato 
markings  of  the  latter.     Radiolaria  should  alwsja  be  looked  far 
in  sections  of  flint  (chert). 
The  ndiolsii*  are  marine, 

n.  Spongln  (PoiiAra). 

We  deal  here  only  with  those  sponges  that  possesaed  »  oaU 
careens  or  siliceons  skeleton.  The;  are  frequently  represented 
{m  has  been  deaoribed  on  p^  211)  merely  by  isolated  spicules,  or 
by  casts  of  these  remaining  in  the  flinty  layers  of  the  rock. 

The  principal  terms  used  in  describing  fossil  sponges  are : — 

Prineipal  Cavity  or  Cloaca. — The  large  oeatral  cavity,  such  as 
(he  hollow  in  cup-shaped  fonns. 

Oaeulum. — The  exhalent  aperture  oonstituting  the  mouth  of 
(bis  cavity.     See  Ostia  below. 

Canals. — Tubes  traversing  the  skeletal  mesh. 

Oitia. — The  terminal  openings  of  the  canals,  placed  oommoolj 
in  the  wall  of  the  large  cavity.     Often  also  called  Oscnla. 

Fores. — Smaller  inhaleut  openings  in  the  aur&ce  of  the  mcah, 
connected  with  the  canals  when  these  are  present 

i^tietilM. — The  bodies  that  btuld  np  the  main  mesh-worlc 

Dsrmal  Spieulst. — Small  bodies  of  various  form,  even  globular, 
found  mostly  in  the  outer  layers  of  the  sponge. 

The  sponges  here  treated  of  are  marine. 


A.  SlLICEODS  SpOKQiia. 

The  isolated  spicules  (fig.  47)  are  typically  rod-like^  with  an 
asial  camd,  so  that  fragments  under  the  microscope,  being  clear 
and  colourless,  resemble  pieces  of  minute  thermometer-tubes. 
These  rods  may  bifurcate,  may  meet  in  solid  or  delicately 
hollowed  nodes,  and  may  acquire,  in  different  parts  of  the  same 
sponge,  a  great  variety  of  form.  The  dermal  spicules  are  often 
widely  di&rent  from  those  constituting  the  main  mass  of  the 
«keletou. 

The  siliceous  spicules  are  soluble  in  hot  caustic  potash  solu- 
tions. In  nature,  moreover,  they  are  frequently  represented  by 
pseudomorphs,  whether  in  iron  pyrites  or  limonite,  as  occurs  in 
oar  Cretaceous  beds,  or  calcite,  as  in  some  Jurassic  strata  of 
South  Germany.  Hence,  while  some  most  delicate  specimens 
can  be  extracted  from  their  calcareous  matrix  by  treatment  with 


dilute  acid,  othen  will  disaolTe  away  in  a  maimer  most  disap- 
pointing to  tho  ooltector,  howevdr  fttll  of  intorest  the  experience 
may  be  from  a  mineral  point  (rf  vieir. 


n^  47< — Sand  oontalnlMr  alrandaDt  Spicnlei  of  t^Hioaoiu  Spcmgao.  'E.j&« 
Beda,  Tilbnratow  HO],  Snney.  x  W.  g.  Dark  and  almort  opuiu 
gmnaleB  of  glanootiftc.  A,  HoxactJneUid  Epicniea.  I,  Lithiitid  Bpicnlea, 
a  large  one  oooDiting  noar  the  ceotre  of  tns  fiald.  i^  Orains  of  «ngnlw 
quarts  lajid.  I,  Tatnotinellid  ipienleB  of  variau  tyiMs.  Ths  detached 
loda  beloDg  alio.  In  all  probabili^,  to  tetractineDId  forma.  In  all 
thrun  spiaulea  the  canal  ia  liable  to  oecome  rather  prominent,  throngh 
ita  enlargement  by  aolntjon  and  snfateqaent  infilling  wilh  glauoonite  (w 


Order  1.  MoNAOTtMELLiDit 

Spicules  oonsiating  of  a  single  ray,  pointed  at  both  ends. 

Cuooa. — Though  the  Bpioules  are  not  known  in  the  fiwail 
species,  the  borings  of  this  Bpooge  are  found,  commonlj  as  casta 
formed  by  ailica.  These  casts  are  like  little  flattened  nodules, 
about  3  mm.  in  diameter,  connected  by  threads,  also  of  flint; 
they  represent  the  chambers  excavated  by  the  sponge  and  the 
delicate  passages  ("  stolons  ')  which  led  from  one  to  another. 
The  shell-substance  in  which  the  borings  were  made  has  in  inoh 
cases  been  remoTed  after  the  in&ltrtitioa  of  the  Bilio& 
'  Go^antKan  (t)  to  Recent. 
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Orders.  TirsAoiiirsLLma. 

The  topical  Epioules  oonsiat  of  four  raya,  three  of  which  bnnoh 
Ont,  makmg  equal  angleE,  from  the  end  of  the  fourth  and  much 
longer  raj.  Dr.  Hinde  states  that  ihe  spicules  ocourriog  in  the 
flinta  and  cherts  "in  the  Oolit«,  the  Lower  and  Upper  Green 
Sand,  and  the  Upper  Chalk  are  princtpallj  of  Tetractinellid 
Sponges,"*  the  remains  of  which  are  not  satis&otory  enough 
for  gen«rio  determination  (fig.  47). 

Order  3.  Lithibtidjl 

Typical  spicules  irregularly  branching,  and  set  with  littls 
knotty  outgrowths;  often  closely  interUcing  at  the  ends.  A 
foui-radial  type  is  occasionally  set  up,  especially  among  the  dermal 
■piculea,  some  of  which  may,  however,  be  mouotkzial 

Dorydermft. — Cylindrical,  often  branching,  with  nnmerona 
vertical  canals  running  up  the  main  body  and  the  branches. 
These  are  often  infilled  by  fiint  and  much  obscured. 

Typically  Cretaceom  (Albian  to  Senonian).  Known  in  Car- 
honiferout. 

Siphonla. — Commonly  pear-sliaped  or  like  the  bud  of  a  tulip, 
with  a  short  or  long  stalk,  which  haa,  when  perfect,  rootleta  at 
the  end.  Principal  cavity  reaching  from  apex  to  abont  centre 
of  sponge  (often  filled  with  silica),  with  the  ostia  of  canals 
opening  into  it.  Canals  forming  a  curved  series  running 
roughly  parallel  to  the  surface  of  the  sponge  and  down  into  the 
stalk ;  a  second  series  of  smaller  tabes  crosses  these  obliquely 
down  from  the  exterior  to  the  interior  of  the  sponge.  When 
viewed  from  above,  canala  are  commonly  seen  radiating  from  the 
edge  of  the  great  oaculum. 

Cretacemu  ;  particularly  Upper  Greentand  to  Senonian.  * 

Hallirhoa. — Like  Siphonia,  but  divided  into  lobes  by  depres- 
sions of  the  surface,  which  radiate  from  the  stalk  and  even  ma 
vertioally  up  the  whole  body  of  the  sponge. 

CretOMOtii  (IT.  Cfreentand). 

Order  i.  Hszactihellidx. 

Sjnoutea  with  six  rays,  meeting  at  right  angles  in  a  "node;" 
these  spicules  are  often  united  by  ^eir  ends  so  as  to  form  » 

■  Oatakgtie  (/  Fota  Spongu.  BritiA  Muaeum,  IBS3  (with  plato^, 
p.  28. 
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vtracture  of  beaatiM  npilarity,  reaembling  tliat  prodaced  by  the 
crowing  poles  of  a  sc&fFold.     Dermftl  spicules  of  Tarious  form. 

VentlloalitsSi^ — Oup-sbftped,  narrowed  or  eipanded,  not  branch- 
ing, with  rootlets  at  base.  Wall  delicately  folded,  the  axes  of 
the  folds  running  from  the  margin  of  the  cup  to  tbe  base,  and 
tb«  folds  being  ^most  in  contact  with  one  another.  Frindpttl 
cavity  very  deep,  with  ostia  of  radial  canals  opening  on  it  in 
vertical  rows.  These  canals  do  not  reach  the  outer  surface; 
others  open  similarly  on  the  outer  surface,  but  do  not  reach  the 
principal  cavity.  The  vertical  rows  of  ostia  are  aometimes 
rept«seiited  by  furrows.  Spicular  mesh  fairly  regular,  and  eauly 
Been  in  sections ;  ofi«n  replaced  in  Chalk  specimens  by  limonite^ 
derived  from  marcasite.  The  base  of  the  sponge  is,  moreover, 
often  surronnded  and  infilled  by  compact  flint,  while  the  upper 
part  of  the  cup  has  been  dissolved  away  or  is  represented  by  a, 
mere  impression  or  a  ferruginous  stain. 

U.  Cretaeeowa. 

Pl0COBC;phl& — An  irregular  mass  formed,  as  it  were,  by  the 
crumpling  and  rolling  together  of  a  sheetlike  hezactinelJid  wall, 
BO  that  a  number  of  roughly  circular  or  greatly  elongated 
apertures  are  left,  each  of  which  may  represent  an  osculum. 
The  walls  of  the  irregular  tubes  thus  formed  sometimes  show 
ostia,  and  are  constructed  of  a  regular  bexactinellid  mesh. 
'    Zteplaced  by  iron  pyrites  at  times. 

CretaoeiMu  (particularly  Cmomanian  and  Turanian). 

2fott.—'Fb»  earligr  PalKOioie  tpoiiKe*  have  Mme  relation  t«  the  HeMtaU- 
'  natlidn,  but  are  repreaented  by  a  •nrboe-web  only.  The  ipicnle*  in  thi*  are 
plain  rectangnlar  eroweB,  with  malkr  outs  let  in  each  ■quare  formed  by 
the  ouion  of  their  amu,  and  yet  »m»Uer  croesei  in  the  Bubordumto  aqnara 
thns  prodnoed.  Hie  armi  of  all  these  croae-shsped  epitmle*  lie  parallel  and 
perpendlanlai  to  thoee  of  the  primary  croei,  nntil  detached  by  fraotore  of 
the  layer.  A  ^pe  ii  the  Cimibrian  ProtOSpOD^a,  the  (pionlee  being 
.    ■nrmidrnns  pyritued,  aometinMB  mere  iiiipiiiliiiie  in  the  nhilm 


The  fbnil  typee  come  under  the  fiunily  of  the  Fharetrones,  in 
'which  there  is  a  thiok  wall,  with  a  dermal  layer  rarely  well  pro- 
served.  The  calcareous  spicules  are  mostly  formed  of  three  ray* 
meeting  at  120*,  or  at  timea  of  four  rays  and  even  one  tmy.  By 
almost  complete  suppression  of  one  ray,  some  three  rayed  spionlee 
appear  monoaxial.  The  spicules  are  commonly  grouped  in 
fibrous  bundles.  (See  SoUu,  Joum,  B.  OmL  Soe.  Ir^and,  toL 
■viL,p.87.) 
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The  renAy  decompontaon  of  the  spimlM  makm  the  ibia  of  the 
sponge  more  relied  on  in  thu  diviaion  than  is  the  omo  in  th« 
mliceona  aponges.  The  anbstuioe  of  the  wail  may,  indeed,  during 
fbsailiMtioa  beoome  merely  an  irregular  oaloaTeons  tiflBue. 

Faronidella  ^PeronellR).  —  Tubular,  cylindrical,  eometimeB 
hranching.  Pnnoipal  cavity  extends  to  base;  round  oeculum 
ftt  Rummit.     No  canal-system  in  the  thick  wall. 

Devonimn  to  Cretaoeotu ;  especially  abnnduit  in  Jwrataio  and 
Cretaaeow. 

Trenuu^sttft. — Form  maoh  like  Peronidella ;  sometimM  elub- 
idiiqied.  The  tnbnlar  oaTity  ia  oroased  by  dome-like  or  flatter 
partitionB,  the  chambers  thus  fonned  communicating  by  a  hole 
in  the  centre  of  the  partition,  or  by  holes  in  tJie  sides  of  a  tabe, 
which  runs  from  one  partition  to  the  other  parallel  to  the  axis  of 
the  sponge.    Miimte  canals  in  the  vail. 

The  characteristic  internal  structure  is  eaeily  leen  in  brc^ea 
•pecimena.     This  genus  (Hinde)  includes  Steinmann'a  Baindsia. 

Cretaeeotu  ;  mostly  Loioer  Gretaoaout. 

Kh&phidimema. — Oup-ahaped,  expanded  or  narrower.  A  com- 
pact derma!  layer  extends  over  either  the  outer  or  inner  suriaoe; 
this  is  pierced  by  ostia  in  all  apeoiea  hut  R.  /arringdoneiua. 
Canals  travarae  the  wall  approximately  perpendicular  to  the 
aur&ce. 

Cretaceous. 

m.  Hydrozoa. 

Tbt  body  fonned  by  die  aggregate-mwth  of  tiiieM  oolosial 

organisms  is  styled  tiie  Eydrotome.     Where  the  hydroid  polype 

:up-like  cell,  this  is  staled  the  Sj/dntheax. 


Stromatopon. — The  baae  is  built  up  of  mammillat«d  layers 
which,  with  the  colutonar  stmctures  that  connect  them,  form 
an  inregularly  reticulated  atruoturei  In  seotion  little  tnbea  with 
Lmizontal  partitions  are  also  aeen  in  the  mass,  and  in  time  the 
ipolypes  are  believed  to  have  lived.  The  mass  is  often  15  or  20 
cm.  aortffis,  and  is  roughly  hemispherical,  the  sur&oe  ahowing 
small  monnd-like  elevations. 

GoUandian  and  Deeonian. 

Lsbsohia. — ^The  base  is  rather  oompaot  to  the  eye,  and  it* 
wider  side  is  amootii,  with  some  concentric  wrinkles.    The  upper 
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e  is  vet  with  nvneronB  tnbercles,  which  are  not  perforated, 
mud  which  u«  tho  enda  of  columns  risiog  from  below.  In 
▼erticftl  seotioBs  a  oellalar  irregulbr  cilo«reout  tiBBuo  fills  th« 
interspaces  between,  these  cotnmnfl.  The  poljpea  are  believed  ti» 
h&ve  lived  met  elf  on  the  surface  of  the  calcareous  and  oi^D 
encrasting  base  which  we  now  find. 

Ordovieitm  and  Gotlani^n  j  some  in  Devonian. 

B.  Oraptolitbs. 

The  bTdtothecn  sn  arranged  along  an  external  flexible 
diituunu  axil,  and  their  ravities  are  connected  internally  by  a 
ctuial.  The  solid  axis  (Virgvla)  is  often  prolonged  without  bear- 
ing hydrothecB.  At  one  end  of  the  axis  in  perfect  specimens  j» 
ft  triangular  body,  the  ^  ieula,  from  which  the  hydroaome  ariites. 
The  hydrothecn  nearest  the  sicula  are  the  amallest,  and  are 
nTDetimes  absent  about  this  point  of  the  hydrosome.  The 
idiitinous  hydrosomeB  are  commonly  flattened  into  mere  films 
upon  the  anrfaaes  of  shales.  The  Qraptolites  are  Camiritm,  Ordo- 
vwian,  and  Gollandian,  the  branched  forms,  and  those  with  two 
rows  of  hydrothecs  on  one  axis,  being  the  earlier.  At  present, 
iavestigators  of  graptolites  are  likely  to  pay  less  attention  to  the 
fonn  of  the  hydroiome  than  to  the  modiflcations  of  the  hydro- 
theen  (see  Nicholson  and  Marr,  "Phylogeny  of  the  Graptolitas," 
Oeol,  Mag.,  1896,  p.  629).  For  recent  views  on  their  mode  of 
life  and  flotation,  see  Soemer  and  Freeh,  "  Lethsa  geognostioo," 
Bd.Li  LI  3  (1897),  p.  65S. 

The  graptolites  are  mariBo. 

D^lograptoa. — Hydrothace  foiming  two  rows,  on  oppomte 
■ides  of  a  common  axis.  The  hydrothecee  are  set  obliquely  and 
m  contact  laterally.     Ordovieian  and  Z.  OoHandian. 

Climacogrqitns. — Similar,  but  hydrothecn  set  at  right  angles 
to  axis  and  separated  laterally.     Ordovieian  and  L.  O^Umdian. 

MmognptlM,— ~Hydrothece  forming  one  row  and  in  contact. 
Hydrosome  commonly  straight;  sometimes  ooiled  spirally,  in 
<me  plane  or  like  a  screw.     GoUajidian. 

Btetritea. — ^Hydrotheas  forming  one  row  on  the  oonrex  side 
of  a  ^in  spiral  axis,  and  distinctly  separated  laterally  from  one 
another.     L.  OoUanHan. 

Didyaegr^ttu.— Hydrosome  formed  of  two  eqnal  branches 
vaited  by  tke  siooU;  hydrotheca  in  a  single  row  on  each  branoh 
and  in  contact  laterally.  The  branches  ore  sometimes  spread 
widely  apart;  sometimes  they  form  a  V,  and  the  openings  of 
the  hydrothecB  •&  one  row  thus  almost  fiitoe  those  on  th^  othw. 
Ordovieian. 
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NoU.— la  DictyOBSma  the  hjdrosome  is  oompoMd  i>f  a  great  number  of 
t«di»ting  branchee  connected  by  tittle  oroes-rodB  bo  as  to  form  a  net- work. 
Thrae  branches  in  reality  consist  af  hydrothecie  arranged  in  linear  seriei, 
"With  their  apertnreg  at  the  upper  ends.  No  common  azii  ocoun  (Roemer, 
op,  at.,  p.  570).     Cambrian  to  Dtvonian, 

IV.    ActillOZOB. 

The  forms  hen  mentioaed  beloag  entirely  to  the  corals  which 
|>osaess  calcareous  skeletons.  The  material 
u  in  most  modem  types  aragonite ;  but 
Mr.  Sorby  believes  that  ia  the  Falseozoio 
forms  it  wu  originally  calcite,  as  now 
found.     All  are  marine. 

While  the  older  division  of  corals  into 
OctocoralU,  Tetracoralhs  and  Hezacoralla, 
seems  likely  to  be  abandoned,  we  cannot 
yet  regard  any  later  system  of  classifica- 
tion as  approaching  finality.  The  general 
structures  embodied  in  the  "  Tetracoralla  " 
represent  an  early  type,  though  their  fre. 
qnent  bilateral  symmetry  may  have  been 
based  npon  a  still  earlier  six-rayed  type. 
At  present,  the  division  into  Alcyonaria 
ftnd  Madreporaria  is  all  that  will  be  here 
attempted. 

Terms  used  :— 


a 


Jle.  4S.- Diagrams  of 
Zithottrotion.  a. 
View  of  the  calyx 
from  above  ;  a  flat- 
tened columella  is 


Theca. — The  bounding  wall  of  the  cup 
occupied  by  the  individual  coral-polype ; 

'^^U    "''^^  "'''y  feebly  developed, 
form  two  wrioB.  and        £pil&eea.~A  smooth  external  oovering 
^::X^U^:^X     ^  *^«  ^''^'  <"  *«*»>«  ^ase  «id  sides  of  a 
seeu.        b,    Tertioal     compound  corallum. 

l^gr^o"^"!  Coste.— Vertical  ridges  projecting  from 
mella.  BevenJtabv  "'^  outside  of  the  theca  and  forming  ribs 
In,  ooDTex  upwards,     which  generally  correspond  to  the  septa. 

and  no-     When,  as  in  many  older  corals,  they  alter- 

■""™*"*"     nato  with  the  septa,  they  have  been  caUed 
„ ».     ^„ 

'X. — The  cap-like  depression  in  the 
wper  part  of  the  skeleton,  ooonpied  by 
£e  alimentary  cavity  during  life. 
Foi»uia. — A  groove-like  pit  ia  the  door 
of  the  oalyx  of  some  oonls  (see  p.  306  uid  fig.  60). 
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Septa. — Vertical  partitions  arising  from  the  inner  surface  of 
the  theca,  and  converging  towards  the  centre  of  the  cup.  Each 
■eptum  underlies  a  tentacle  of  the  living  animal,  and  the;  tbus 
alternate  with  the  soft  partitions  or  meaenteriea.  They  some- 
times are  produced  outward  into  cositfe.  The  septa  occur  in 
"cycles;"  a  primary  series,  a  second  and  commool;  shorter 
series  intercalated  between  these,  a  third  in  the  interspaces  thub 
formed,  and  so  on  (fig.  50). 

Columbia. — A  rod-like  i>v  veeicnUr  axis  ariaing  in  the  centre 
of  the  cup. 

Falae  Columella. — A  BimiUr  axis  formed  by  the  union  and 
intertwisting  of  the  edges  of  the  septa  where  they  meet  in  the 
middle  line  of  the  cavity. 

Pali. — Vertical  partitions  that  sometimea  arise  in  the  central 
area,  between  the  columella  and  the  edges  of  the  septa ;  they 
are  sometimes  joined  to  the  columella. 

Tabvia. — Horizontal  or  curved  partitions  that  successtvely  cut 
off  the  lower  part  of  the  cup,  thus  forming  a  new  floor  (fig,  48,  b). 

Diu^mtnU. — These  are  often  regarded  as  imperfect  tabuUe, 
and  are  little  plate-like  connexions  running  in  curves  or  fairly 
horizontolly  between  adjacent  septa,  and  producing  a  vesionlar 
stntoture  ia  ^e  interspaces. 

Synafidevla. — Similar  to  dissepimentB,  bnt  rod-like  or  tuber- 
oular. 

CoraiiiU. — A  name  sometimes  given  to  the  skeleton  of  an 
individual  in  a  Mmponnd  coraL 

CoraUttm. — The  whole  skeletal  mau  formed  by  a  colony  or 
"compound  coral." 

Comenehytna. — The  "exothecal"  material  connecting  the 
oorallites  in  some  compound  corals,  and  thus  common  to  all 
the  individuals, 

Aitraan  ilodt  of  Grotolh, — The  lateral  buds  of  the  dividing 
individaala  have  grown  up  side  by  side  and  in  contact,  so  as  to 
produce  a  compound  structure  of  more  or  less  polygooal  forms 
(fig.  62). 

Sin^iU  eoraL — The  individual  ia  isolated.  It  doea  not  divido 
by  branching. 


A.  AixnroBABiA  (Ootocobaiaa). 

The   septa,    vhen    preaent,    are    not    reUted   to    the    eight 
tentacles  of  the  animal     Hard  parts 
calcite. 

HeUoIitea  (fig.  49).— Cor&Uum  oOen 
rudely  spheroioal ;  aometimes  extended 
or  branching.  Calyxes  videly  divided 
by  what  appears  to  be  ccenenchyma, 
and  furnished  with  septa  (almost  always 
12),  which  are  sometimes  short  and 
sometimes  meet  in  the  centre.  Tbe 
ciBDenchynia    is    set    with    abundant 

smaller  openings,  regarded  by  Nichol-  Fig.  i9.—HdiotiU»  inter- 
son  as  having  contaioed  rudimentary  stineca  (Weolock  B«di). 
polypes  ("siphonozooids").  In  section  Viewed  from  obove  and 
Koti  the  higer  and  smaller  sets  of  ^^U^^.^'X^'c^^i^ 
tubes  show  distinct  tabuue.  chanuUr    of   the    anu 

Gotlandian  and  Devonian.  between  the  oalyzet. 


B.  Uadrbforabu. 

In  maoy  of  the  older  types  of  corals,  the  primary  septa  are 
four  in  number  and  are  arranged  as  a  rectaugular  cross.  One  of 
these,  the  "  principal "  or  "  cardinal "  septum,  and  the  one 
opposite  to  it  divide  the  calyx  into  two  syinmetrioal  halves,  the 
septa  on  either  side  of  the  principal  one,  and  between  it  and  the 
"lateral"  primary  septa,  being,  in  well  marked  types,  directed 
towards  the  principal  septum  rather  than  towards  the  centre  of 
the  coral ;  they  are  thus  said  to  be  "  pinnate  "  upon  that  septum 
(fig.  50).  Between  one  lateral  septum  and  the  other  over  the 
remaining  area  the  septa  ])oint  towards  the  centre.  Hence  the 
arrangement  is  as  a  whole  bilateral  rather  than  radial 

The  primary  septa  are  sometimes  large,  sometimes  much 
reduced  in  size ;  the  principal  one  may  lie  in  a  fossulo,  which  is, 
indeed,  formed  by  local  diminution  of  the  septa.  Sometimes 
bach  of  the  fonr  principal  septa  occurs  thna  in  a  recess.  In 
many  forms,  however,  it  is  impossible  to  mark  out  the  primary 
septa  from  the  others;  in  such  cases  tbe  symmetry  appears  truly 
^i»l  (fig.  48,  a). 

Tabulee  are  almost  always  present  in  the  older  types,  and 


3or 

ocenenchyma  is  commonly  not  developed,  the  «ompoand  forms 
being  branching  or  astrtean.  In  other  types,  which  greatly 
preponderate  in  later  periods,  there  are  six  primary  septc^  ana 
radial  symmetry  prevaUs  in  adult  forms.  Tabuln  are  practically 
absent. 
Zaphrsntis  (fig.  50). — Simple;  form  commonly  a  cnrred  cone. 


Fig.  BO. — C»ly%otZaphrentit,'nevr-  Fig.  51. —Oyaihophyllum  tntaealvnt 

ed  fmiD  above,  BhowingthefosmlK  {Wenlock  Beds).     Showing  bud- 

and  twocycleBofseplA,wbichhaie  ding  of  new  individual!  from  the 

in  part  a  pinnate  arrangement.  calyx. 

with  epitheca.  Abundant  septa,  the  principal  one  being  in  a 
well-marked  fossula.  Tabulte  run  completely  across  from  side  to 
side  of  the  section  formed  by  breaking  open  or  cutting  the  coraL 
2^0  columella. 

G'ltlandian  to  Carhoniferova  ;  abundant  in  lati^er. 

CyBtbophylloin  (fig.  51). — Simple,  branching,  dendriform,  or 
astrsan,  with  epitheca.  Abnndant  septa,  which  reach  10  the 
centre,  and  are  there  sometimes  twisted  against  one  another,  as 
may  be  seen  on  polished  sections.  A  vesicular  calcareous  tissue 
is  formed  nearest  the  theca,  and  the  tabulie  often  extend  across 
the  central  part  of  the  cavity. 

Ordomcian  to  Carboni/erottt ;  abundant  in  Gollandian  and 
Devonia^n. 

Lithostrotion  (fig.  02). — Dendriform  or  astnean.  In  other 
strnctares  like  Oyathophyllum,  but  distinguished  by  presence  of 
a  well-marked  columella,  which  is  spindle-shaped  in  horizontal 
section.    The  longer  septa  are  sometimes  united  to  the  colnmella> 

Carboni/erwit. 

Lonsdaleia. — Like  Lithostrotion,  bnt  divided  by  an  inner  wall 
into  two  portions — a  cellular  part  next  the  theca,  and  an  inn^ 
more  clearly  septate  portion.  Columella  large,  elliptical  IR 
section,  and  built  up  of  irregular  concentric  layers. 

Carboniferout. 

Omphyma  (flg.  53).  —  Simple,  the  cup-form  often  rather  ev- 
panded,  with  root-like  processes  of  the  theca  near  the  bsM. 

■Ic 
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Kumeroas  nuiUd  Mpta,  four  primary  ones  being  aeeo,  in  well 
preserved  specimeng,  to  be  set  in  shallow  fossuln.     Tabulee  and 
tiasue  as  in  Cjathophyllum. 
Goilandian. 


Kg.   63^ — Omphyma  turbiitatum 
(Wsnlook Bedi).  Shawingroot- 
Fig.   63. — lalho^rotion  bataUi/orme  lets,  ud  the  foMula  m  teen 

(CwbomlerouB].   Aitroan  growth.  from  above. 

Calceola  (Gg.  54). — Simple ;  shape  like  the  pointed  toe  of  a 

slipper,  the  calyx  reaching  to  the  base  of  the 

^^^B^^  coral.     Epitheca,  ribbed  on  the  flatter  side 

^^^H/ff  ^^  ^^  '^"P-    Septa  reduced  to  mere  little 

^^^^^^  bars.     A  lid,  the  Optrculwn,  fits  on  the  top 

^^7  of  the  calyx,  though  often  lost  in  ordinary 

^^  epeoimens.     This  lid  resembles  outwardly. 

Fig.     M.  —  Caieeola    with   its   curvilinear   markings,   the  dor- 

i™u^l  oSeroIuu?^     ^  ^*^^^  *^  *"*"?  bnwhiopods,  and  Cal- 

nmoved.  ceola  was,   indeed,   long  considered  as  a 

braobiopod. 
Dewmiait, 

Lithartea. — Compound,  with  small,  if  any,  areas  of  ocenenchyma; 
the  hard  parts  are  formed  of  a  spongy  non-compact  calcareous 
tissue.  Walls  of  the  corsllites  pierced  by  apertures.  Septa 
commonly  forming  three  cycles  only,  and  set  with  little  processes 
on  the  edge  and  on  the  sides.  Columella  present^  of  spongy 
texture. 

Eocene  to  Mioeant. 

Isastrea. — A  typical  ostriean  corallnm,  without  coenenchyma. 
Corallites  polygonal  in  section  and  united  by  whole  length  of 
their  wallah      Hard  parts   compact,  not  spongy.      Septa  well 
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mftrked.  Namerons  dissepiments.  Colnmella  ofteo  present^ 
but  not  Btrongly  developed. 

iietoxtne  ;  especially  JwriMne. 

HontUvaltio. — Simple;  sometimes  duo-like,  vith  a  flat  base 
corered  with  a  concentrioally  wrinkled  epitheca;  commonly 
shaped  like  a  peg-top  or  a  curved  cone,  also  with  epitheca.  Hard 
parts  compact.  Numerous  septa,  in  12  or  more  cycles,  notched 
on  the  edges.     Dissepiments  abundant.     No  columella 

Trio*  to  Rtotai ;  especially  Jitnuiie. 

ThecoBmiliL — Branching  ooraUnm.  Corallttes  often  com* 
pressed  laterally  at  the  calyx  and  dLvidiog  iato  two ;  hence 
two  adjacentcalyxesoften  remain  confluent.  Epitheca  present. 
Hard  parts  compact.  Septa  numerous,  granulated  at  sides. 
Dissepiments  abundant     No  columella. 

Trial  to  Miocene;  especially  Jiaraaeic 

Tbanmaetnea. — Oompoand ;  corallum  commonly  like  a  segment 
of  a  sphere  sapported  by  an  inverted  cone,  which  bears  an 
epitheca.  No  cmnenchyma,  and  thecse  unseen,  the  septa  of  each 
Gorallite  nmning  out  over  the  wall  and  uniting  with  those  of 
adjacent  corallites.  Septa  fairly  numerous  and  granulated,  %.»., 
Bet  with  synapticuln.     Calyx  shallow.     Columella  present. 

Triae  to  Oligocsne. 

Cyclolitea. — Simple.  Theca  forming  a  flat  base,  with  concen- 
trioally  wrinkled  epitheca.  The  septa  rise  above  this,  forming 
a  fair-sized  roughly  hemispherical  skeleton.  Septa  thin  and 
very  numerous,  notched  on  margin,  set  with  synspticulee,  and 
pierced  by  regularly  artanged  pores.  The  small  septa  are 
generally  cemented  to  the  larger. 

Typically  Crelaeeoue. 

HoIocysUB. — Astraan;  corallites  united  by  their  oostie  and 
polygonal.  Septa  not  very  numerooa ',  four,  at  right  angles  to 
one  another,  are  well  marked  and  larger  than  the  rest.  Tahnln 
are  also  present  This  genus  presents  exceptional  features, 
as  compared  with  the  more  modem  types  with  which  it  is 
associated. 

Lower  Crelaeeaiu. 

C,  GxxiRA  or  DorBTTOL  AjriniTiEa. 
The  following  genera  of  Actinozoa  are  of  uncertain  position, 

irhile  Alveolites  and  Ccenites,  from  their  external  aspect,  havs 

even  been  referred  to  the  Polysoa. 

Hlchellnla.* — Ccrallam  astnean  and  generally  top-shaped,  with 
•In  Nidholiao's  Manmal  ^f  PB^vMotogn,  3rd  edit,  voL  L,  p.  316,  there 

fa  an  iatarcating  disonnloB  3l  the  nlattou  of  this  genus  and  PtewrodiOiyttm. 
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-emtheea  and  rootlota  running  from  it  Corallitea  united  by 
their  walls,  which  are  perforated.  Caljx  &irljr  deep.  Septa 
represented  merely  by  strie,  bo  that  the  empty  polygonal 
calyxes  give  the  appearance  of  a  honeycomb.  Taboin  and 
reeicular  dissepimental  tisane  present. 
Carboni/erou*. 

FaTOBites. — Compound;  astrean  or  branching.  Corallites 
resemble  polygonal  columns  when  the  more  massive  specimens 
are  broken  open.  The  thece  show  well-marked  but  widely  set 
perforations.  Septa  represented  by  mere  strin.  Tabul»  regular 
and  well  displayed. 

Ordovician  to  Carbont/ertntt. 

Alveolites. — Corallum  spreading  or  branching,  often  of  polyzoan 
type.  Apertnre  of  the  calyx  small,  and  like  a  triangle  with  curved 
sides ;  the  corallites  lie  pressed  together,  somewhat  obliqae  to 
the  surface.  Thecte  perforated.  Septa  represented  by  one  or 
sometimes  three  ridges  projecting  into  the  cavity.  Tabniata 
Gotlandian  and  Devonian. 

CceniteB. — Closely  allied  to  Alveolites,  but  with  a  thickening 
cf  the  thecie  near  the  onter  end,  so  that  the  mouth  of  the  calyx 
becomes  a  mere  curved  slit,  much  like  the  conventional  flying 
bird  drawn  in  landscapes. 
Gotlandian  and  Devonian. 

HalysiteB  (fig.  55). — ^Possibly  an  alcyonarian.  Corallites 
tubular,  elliptical  in  cross-section,  and  united  by  their  sides 
in  wall-like  rows,  so  as  to  resemble 
the  pipes  of  an  organ  ;  these  bands, 
each  merely  one  corallite  in  width, 
cross  one  another,  leaving  large  ir- 
regular interspaces  in  the  corallum. 
"When  infilled  with  foreign  matter,  as 
in  ordinary  limestones,  and  broken 
across,  the  structure  looks  like  a  net- 
work of  chains,  each  corallite  being  a 
link.  Septa  rarely  traceable.  Tabula 
well  developed. 

Ordovician  and  Gotlandian. 

Sjllngopora. — Alcyonarian    in    type. 

Corallites    tubular,    circular    in    oross- 

te»cau^u.     "^r*-    "^^t    and    ramifying,    united 

„)  only  by  smaller  horuontal  tubes.     The 

thec»  thus  stand  well  apart  from  one 

another.     Septa  scarcely  traceable.    Tabalte  convex  downwards. 

Gotlandian  to  Carbon^troti*. 

D.D.t.zea  by  Google 
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CHAPTER  XXIIL 

VOBBIL     asiTBBIC     TTPR8. 

V.  Fol^zoa  (BiyoEoa). 

Thesb  minute  colonial  organiEinB  leave  skeletons  whidi  mxy  1m 
foond  amoDg  the  'washings  of  clays  and  sanda,  bnt  which  may 
otherwise  be  often  overlooked.  Many  of  the  colonies,  however, 
attain  to  a  considerable  size. 

The  hard  parts  ape  bailt  up  of  an  extern^  aragonite  layer 
and  an  internal  calcite  layer  (Comieh  and  Kmdtdl). 

Almost  all  are  marine. 

Terms  naed ; — ■ 

JPolypida  or  Zooid. — The  individual  animal. 

ZoaHum. — The  colonial  structure  formed  by  the  polypides. 
Commonly  attached  or  encmsting, 

Zoaoiwm  or  GeUule. — The  tube-like  or  oToid  chamber  oooapied 
by  each  polypide. 

Ovieeil.—A.  chamber  for  containing  one  or  more  eggs,  from 
which  embryo-polypi  ties  develope  and  are  set  free.  The  ovicell 
forms  a  swelling  above  the  aperture  of  certain  Eocecia  in 
cheilostomatoas  colonies,  and  an  inflation  between  the  zo<Bcia 
in  oyclostomatouB  colonies. 

(^erculum. — The  cover  that  closes  the  aperture  of  the  zocecium 
in  some  polyzoa. 

Avicuiaria  and  Vihracula. — Beak-like  and  whip-like  appendages 
respectively,  set  on  stalks  and  arising  from  little  special  pits  on 
or  between  the  eocecia  (fig.  68).  Used  in  obtaining  food,  or  for 
defensive    purposes.      They  are  in  reality  speoially  modified 


A.  Otcumtomata. 

ZotBoia  tubular,  typically  not  narrowing  towards  the  i^rtnre; 
no  operoulnm.  Oalcaieoua  (aragonite  with  Mane  cjtlcit«t  Sority) ; 
rarely  homy. 
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Entalophonu — Zo&riam  bnmching.  ZtxeoM  in  the  form  of 
long  carving  tubes,  which  open  all  roand  the  Bnr&ce  of  the  twig- 
like zoarium.     Mftrine. 

Godandicm  to  ReceTii. 

Fasdcnlaria. — Zoariom  ipheroidal,  £zed  at  baae.  Zoacia 
tubular,  often  curving,  united  into  bundles  which  radiate  from 
the  base,  leaving  hollow  interapacea.     Marine. 

Flioctne. 

B,  Cbtptostohata. 

The  Fenestellidta  here  form  the  moat  important  family,  in 
which  the  zocecia  show  considerable  deviation  from  the  tubular 
type ;  in  section,  they  are  aeen  to  be  more  complex  and  narrowed 
at  the  external  aperture.  The  latter  is,  however,  round  and 
■imple,  as  in  the  typical  cyclostomata. 

Fenestella  (figs.  56  and  07). — Zoarium  lamellar,  the  sheet-like 
mass  being  commonly  folded  into  the  shape  of  a  funnel,  often 


T\g.il.—FauHdla  retiformit 
(FarmiM)].      Enlargsd,    to 
uw  HHuiaia.  ibow  the  zocecia  Kai  the 

Iftrger  intenpacea. 

several  inches  acroBs.  Built  up  of  rods  which  radiate  from  the 
base  and  are  connected  by  littie  cross-bars  so  as  to  form  a  net- 
work. The  minute  Kooscia  are  grouped  in  two  rows  on  each  of 
these  rods.  Sometimes  a  third  centiiil  row  occurs.  The  zoteoia 
must  be  looked  for  with  a  lens ;  and  the  far  larger  interspaces  of 
the  mesh  are  Btjled/eneftruUt.  On  the  systematic  position  of  this 
geoua  see  Ulrich,  Geol.  Swv.  oflllmoii,  vol.  viii,  p.  3i9,  Marine^ 
Oottandtan  to  Permian;  particularly  Carhony^enmt. 
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C  Ohbilostomata. 

Zoo»i»  tTpicall;  ovoid,  not  tubular;  the  aperture  is  in  the 
side  and  near  the  apper  end,  and  is  smaller  than  the  diameter  of 
the  zocecinm. 

This  aperture  waa  olosed  hj  an  operculum  in  most  forms. 
The  pits  occupied  hj  avicularia  and  vibracula  can  often  be 
recognised.     Horny  or  calcareous  (aragonite,  with  some  calcitel^ 

Escharft  (fig.  B&). — Zoarinm  formed  of  two  layers  of  zoceoia, 
bM^  to  back,  producing  a  sheet-lilce  mass  which  branches  aa 


titf  B6.—SaelUKv  vum> 
&i>%ra(Fliooena)i  ftfter 
Bulk.  The  ^ppear- 
ADce  of  the  KpertOM 
Tuin  oouidsiablT ; 
in  thu  oiample  tha 
pittad  mpportB  of 
aTionlaru  tt  each 
aide  of  tb*  bBM  of  the 
apertare    are    olewly 


Fig.  SB.  —  Btachlopod  {Tertiralvla 
ntrea,  Reoent ;  after  Davidson). 
a.  The  tvo  ^vea  united.  /, 
Foramen  in  beak  of  ventral 
valve;  d,  Deltidlmn.  b.  Inte- 
rior of  dorsal  valve,  ihowing  tha 
braahial  loop,     e.  Cardinal  pro- 


it  spreads.  Zoteda  close-set,  typically  oheilostomatous,  witb 
pits  where  the  appendages  have  uiUeii  away;  the  zocecia  of  one 
row  alternate  with  those  of  the  next     Marine. 

Juratiie  to  Recent, 

Lepralis. — Much  like  Bsohara,  but  forming  one  encrusting 
layur.    Marine. 

Crttaetom  to  Stemtt. 

Hemtam^OTft. — Zoarinm  encrusting,  ZocBoia  cather  flaty 
with  raised  margins,  and  touching  one  another  along  their 
borders,  more  oommonly  than  overlapping.  The  front  of  each  ia 
generally  lost,  having  consisted  of  a  cbitinoos  membrane,  a  wide 
shallow  cavity  being  thus  revealed.  Arrangement  of  locecm 
rather  irregular.     Marine. 

tTurowKi  to  JSsemfc 
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Cellepora. — Zoarlura  built  ap  of  zooecu  piled  iir^nlarly  on 
one  another,  and  thus  forming  a  niammillat«d  aggregate  tixed  at 
the  base,  Sometimea  branching.  Zocecia  &irl7  ovoid.  Marine, 
-    GainoKoic. 

TL  BrscMopoda. 

Th«  Braohiopoda,  formerly  more  prominent  than  the  Mollnsca, 
inhabit  a  bivalve  ehell,  oomposed  of  calcite,  or  occasionally  of  phos- 
phate of  lime;  tbisis  minntely  perforated  over  the  whole  surface  ia 
«lmaBt  all  the  bmilies-  The  Rhynchonellids  form  an  important 
exception,  being  imperforate  (impunctate).  Hollow  spinea,  often 
of  great  length,  ]iroject  in  some  genera  from  the  snrfaoe  of  the  shelL 

The  valves  of  the  shell  are  typically  aneqnal ;  even  if  ap- 
parently equal,  their  internal  structure  ia  very  different.  Hold 
the  shell  bo  that  the  small  valve  faces  the  observer,  and  the 
umbo  of  the  large  valve  forms  the  highest  point  of  the  shell ;  a 
vertical  plane  paMiog  through  the  umbos  and  the  point  opposite 
to  them  on  the  lower  border  divides  the  shell  into  two  sym- 
metrical halves.     Compare  Lomellibruichiata.     (See  fig.  59.) 

The  modern  species,  which  are  numenras  and  all  mariAe^ 
mostly  inhabit  deep  water. 

The  modern  olaisification  of  the  braobtopoda  ia  discussed  by 
Schuchert,  Bidl  U.  S.  Gaol.  Survey,  No.  87  (1897),  pp.  113-135. 
For  our  present  purposes,  the  two  large  divisions  of  Aiticnlata 
«nd  Inarticulata  will  prove  sufficient. 

Terms  nsed : — 

Ventrai  Valve. — The  larger  valve  of  the  ahell  j  or  in  any  c»eo 
that  covering  the  ventral  portion  of  the  animal. 

Boreal  Valve. — The  smaller  valve,  or  that  covering  the  dorsal 
portion. 

Both  valves  are  commonly  perforated  by  minute  canals,  being 
then  said  to  be  punctate  (fig.  65). 

Both  show  somewhat  oval  Muscular  impreaaions,  placed  below 
the  hinge.  Id  addition.  Vascular  waprwatwn*,  indicating  the 
position  of  blood-vessels  in  the  mantle,  are  sometimea  seen  aa 
faint  grooves  ramifying  over  the  internal  snr&oe  of  both  valves; 
tixeee  may  appear  as  ridges  on  internal  oasts. 

The  v«ntral  valve  terminates  posteriorly  in  a  more  or  less 
-sharp  S«ak  or  Umbo.  An  aperture,  the  Foramen,  may  occur  in 
this,  or  just  below  it,  serving  for  the  exit  of  the  fibrous  pedicle 
by  which  the  animal  was  attached  When  below  the  beak,  it 
is  generally  triangular.  In  the  dorsal  valve,  the  beak  ia  oinally 
less  prominent. 


)  by  Google 


Deltidium, — A  triangnUr  stmotiire  found  below,  and  pwtly 
'  or  wholly  BaTTonnding,  the  fanuncoi  in  many  formi.  It  oonsiflta 
of  two  little  plate*,  gonerall  j  meetiag  along  part  of  their  length, 
and  ariBing  from  opposite  eidea  below  the  beak,  thns  limiting 
the  aperture  (fig.  69). 

PieudoddtidiMim. — A  plate  formed  iMxaaionallj  aoroH  ^e 
fonunen  and  Bpraadiog  anteriorly  from  the  beak. 

Area. — The  flat  area  often  ocoorring  between  the  hinge  and  the 
beak ;  sometimeB  Btriated.  Oommoniy  Been  in  the  ventral  valve, 
rarely  also  in  the  dorsal.  It  atretohea  on  either  side  of  tJie 
triangnlar  foramen,  the  deltidium,  or  the  paeudodeltidinm. 

Teeth. — Two  proceiises  aet  in  the  ventral  valve,  and  commonly 
borne  by  two  "dental  plates,"  which  are  like  abort  aepta  riung 
from  the  inner  anr&ce  of  the  valve.  The  teeth  occur  on  the 
ffingeJine  (or  line  along  which  the  two  valvea  are  united  during 
life).     They  fit  into  two  aockets  in  the  dorasl  valve. 

The  dorsal  valve  bears  ordinarily  a  Cardinal  ProeeM  projecting 
aomewhat  down  from  the  centre  of  its  hinge-line.  To  this  the 
muacles  that  opened  the  shell  were  attached.  Two  plates  called 
Crwra,  one  on  each  side  of  the  centre  of  the  hinge-line,  may 
occur  in  this  valve,  the  "arms,"  or  lamellar  month-append^es 
of  the  animal,  being  then  attached  to  them.  In  most  cases  they 
bear  a  Brachial  Loop,  a  calcareous  structure  of  great  delicacy, 
which  supports  the  arms.  The  loop  sometimeB  is  represented 
by  two  Spireg,  conicallv  coiled,  their  apices  directed  away  from 
or  towsrda  the  centre  of  the  shell  (fig.  64). 

Median  Seplvm.~A  partition  that  may  be  found  irunning  for 
some  distance  below  the  hinge-line  towards  the  ahell-border, 
rising  from  the  inner  surface  of  either  valve,  or  both. 

The  sheU-substance  of  the  Brachiopoda  (except  the  occasional 
phosphatic  layers)  is  very  characteristic^ly  built  up  of  long  ■ 
curving  calcito  prisms,  among  which  circular  gaps,  the  perfora- 
tions, commonly  appear.  The  obliquity  of  these  prisms  to  the 
surface  of  the  shell,  and  their  curving,  allow  their  polygonal  ends 
and  their  lateral  faces  to  be  visible  at  once  in  microsoopio 
preparations. 


Terabratnla  (fig.  59). — Shell  oval,  punctate ;  often  folded  slightly 

at  the  margin ;    snr£ice  smooth,  with   mere  lines  of  growUi 

parallel  to  the  maigin.     Curved  hinge-line.     Beak  pierced  by  & 

round  foramen,  the  deltidium  occnrring  below  this  and  not  snr* 

''  rosnding  it.    Brachial  loop  short. 
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Devonian  to  Secant.     Especially  Metacoio. 

Terebratnllna. — Like  Terebratula  in  all  esseutialB,  but  deltidinn 
small  and  sur&ce  of  shell  delicately  striated  by  grooves  radiating 
from  the  a|>ex. 

Junuiie  to  Beeent. 

Mftgellania  (Waldheimia). — ^Kot  externally  distingnishable 
from  Terebratula,  bat  brachial  loop  long,  and  a  median  septum 
in  dorsal  valve.     Lias  to  JteeetU. 

KbigenfL — Allied  to  Terebratola;  hinge-line  straighter,  and 
brachial  loop  united  to  a  median  septum. 

Jviraanc  and  Gretaeeoua. 

Fygope. — A  Terebratula  in  which,  after  a  certain  age,  the 
lateral  parts  of  the  valves  grow  outwards  and  then  rennite, 
leaving  an  aperture  through  the  whole  form ;  this  comes  finally 
to  lie  nearer  to  the  beak  than  to  the  growing  margin.  In  caaU 
the  vascular  impressions  are  well  seen. 

TUhonitm  { U.  Juratsic). 

BtringocephalDB  (fig.  60). — Shell  punctate,  and  resembling  a 
wide  Terebratula,  but  ventral  valve  with  distinct  area ;  deltidium 
and  psendodeltidium  both  present.  Strongly  developed  median 
septum  in  ventral  valve.  Cardinal  process  long  and  curved, 
bifiiroating  at  end  to  pass  on  each  side  of  the  septum  in  the 


FIb.  60. — Str'auioeephaliu  Btatini     Fig.  CI. — lth]/nchenella.    'Viewed  fram 
(DevDnikn).     Deltidjnm  miudng.  b«Iow,  ihowlng  the  plioted  jone- 

tioD  a!  the  cloaed  tuts*. 

opposing  valve.     Loop  carving  round  parallel  to  and  near  ths 
margin  of  the  valve. 

Dmonian.     Known  also  in  &otlandian. 


Blijncboiiella  (fig.  61). — Shell  impunctate,  rather  trimgwlar. 
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the  margin  on  eocb  aide  of  the  beak  being  straight  and  the  outer 
margin  oarved.  Teatral  valve  commonly  infolded  down  the 
middle  line,  and  dorsal  valve  bulged  out  to  correspond ;  mai^ns 
almost  always  bent  into  sharp  folds,  giving  well  marked  radit^ 
ridges  down  the  snrface;  Beak  sharp  and  bent  over  downwards 
and  even  inwards ;  foramen  below  it,  commonly  surronnded  by 
the  deltidium  (compare  Terebratula).  No  loop,  the  crura  alone 
being  present. 

Ordovieian  to  Recent. 

FentaffiflraB  (fig.  62). — Allied  to  Khynchonella.  Shell  impuno- 
tate,  markedly  inequivalve,  and  strongly  convex  ;  smooth  or  fur- 
rowed. Beak  curved  downwards;  no  dettidium.  Median  septum 
in  ventral  valve  strongly  deveto[»d,  dividing  on  its  free  edge  into 
two  diverging  septum-uke  dental  plates,  between  which  a  littla 


V!^  62. — Ft»tiimtnit  galtatm 


3. — BfinJet  ptajn 

ftroni). 


chamber  is  thus  formed,  open  at  the  end  away  irom  the  beak. 
The  dorsal  valve  has  two  septa,  arising  one  on  each  side  of  the 
central  line,  which  approach  the  deotal  plates.  The  remarkable 
size  of  these  structures  in  proportion  to  the  cavity  of  the  abell 
causes  it  to  break  open  easily  along  a  sur&ce  formed  by  the 
ventral  septum,  one  or  other  dental  plate,  and  the  corresponding 
dorsal  septum.  The  septa  can  sometimes  be  traced  as  lines  on  the 
convex  exterior  of  the  shell  (fig.  62).  Casts  show  characteristic 
deep  grooves  in  the  place  of  these  internal  partitions. 

0odandian  and  Dn^fmian. 

Cuunphwia. — Like  Rhynchonella,  but  with  an  internal 
itmctare  resembling  that  of  Fentamerus  on  a  small  scale ;  one 
aeptnm  in  the  dorsal  valve,  dividing  on  its  edge. 

DtieonioM  to  /'^rmum;  especially  the  latter. 

Cioogic 


31S  BBACSUOPIHU. 

Splrifer  (fig.  63). — Shell  ImpanclAto,  commonly  witli  »  medua 
Tentml  furrow  and  doratd  ridge-like  fold  as  in  Rhyncbonella ; 
generally  also  marked  with  r&dial  grooTss.  Hinge-line  atraightf 
often  forming  the  longest  dime d lion  of  the  shell,  and  even  causing 
ear-like  expansions  of  the  margin  just  below  it.  Tentral  valve 
with  prominent  sharp  beak,  very  commonly  curved  over;  area 
triangular;  foramen  triangular,  closed  over  in  part  by  a  pseudo- 
deltidium.  Dorsal  valve  with  small  narrow  area;  brachial  spirea 
present  and  highly  developed,  as  may  fairly  often  be  seen  oa 
breaking  open  the  shell  (fig.  64).  They  occupy  almost  all  the 
valve,  their  apices  being  directed  outwards. 

S.  F.  Woodward  notes  that  ailioified  specluens  occur  In  which 


Kg.  6*.— 5piri7er  Irigonalit  [Carboni-  Vig.   66.—Spinferina   WaleoUU 

ferona).      Brokea   opan   to  ahow  (Lias).      Sbowing  pnnotate 

brachial  spirs.  character. 

the  spires  may  be  fieed  by  the  nse  of  acid  firom  the  matter  that 
obscures  them. 

QoUandian  to  Permian.  Yerj  abundant  in  species  in  the 
Demniait  and  Carboniferous. 

Spiriferina  (fig,  05), — Like  Spirifer,  but  punctate,  and  with 
a  median  septum  in  the  ventral  valve.  Typically  sraaller  than 
Spirifer.  Perforations  can  easily  be  seen  with  a  laus,  especially 
on  slightly  rubbed  specimens. 

Carboni/eroue  to  Liaa  ;  typically  the  latter. 

Betsia.— Shell  punctate ;  marked  by  strong  radial  ribs. 
Foramen,  with  deltidium  under  it,  in  ventral  valve.  Spires 
in  dorsal  valve,  much  as  in  Spirifer. 

The  genus,  in  its  usual  wide  sense,  is  Gollandian  to  Triat. 

Merifltella  (formerly  classed  with  Athyris). — One  of  the  Spiri- 
feridee.  Shell  inipunctate,  smooth,  and  resembling  in  form  a 
wide  Terebratula,  but  without  the  foramen  of  that  genus, 
Well  marked  median  septum  in  dorsal  valve  j  spires  similar  to 
Spirifer. 

GoUandia-n.  and  Dewnxan. 

Atrypa. — Shell  impuactate,  and  resembling  Kbynchonello,  but 
typically  with  a  stralghter  hinge-line.     Foramen  in  beak,  which 
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is  curved  over ;  deltidinm  beloir ;  no  ftrea.  I>orsal  vftlve  with 
large  spireB,  their  apices  directed  towards  the  central  {>art  of  the 
ioner  surface  of  the  valve,  and  thns  nearly  touching  one  aQother> 

Ordovieian  to  Trias;  eapecially  GoUandian,  and  Devonian. 

Eoninckiiia.— Form  somewliab  like  Froductus ;  dorsal  valvo 
concave.     Apices  of  spires  directed  ontwarda. 

Tricu  of  Alps. 


Orthis. — Shell  punctate,  commonly  approaching  a  rectangular 
shape,  the  valves  often  almost  equal,  and  both  only  slightly  con- 
vex; marked  with  radial  grooves  in  almost  all  coaes.  Hiiige-lin» 
straight,  but  shorter  than  the  greatest  width  of  the  valve ;  each 
valve  with  an  area  which  is  notched  in  the  centre,  the  two 
triangular  notches  together  forming  the  foramen.  Strongly 
marked  muBcutar  and  vascular  impressions.  Cardinal  process 
not  divided  (in  some  allied  genera  it  is  furrowed);  brachial 
crura  present,  but  small,  and  neither  loop  nor  spires. 

L.  Cambrian  to  Carboni/aroiu.  An  extremely  abundant  genus 
in  the  older  Falaozoic. 

Strophomena. — The  Strophomenidra  have  received  of  late  con- 
siderable revision,  on  account  of  variations  in  the  internal 
charactersof  species  previously  grouped  under  the  same  genus. 
Strophomena  itself  now  includes  shells  without  crura  (compart 
Orthis),  and  with  ventral  muscular  area  bounded  by  raised 
margin.  Yentr&l  valve  concave,  dorsal  convex.  (Example : — 
Strophomena  ritgosa.) 

Ordovi/sian. 

Leptona.* — Like  Strophomena  in  general,  but  with  dorsal  valve 
concave,  ventral  convex,  and  broad  shallow  ventral  muscular 
area.  The  edges  of  the  valves  are  often  bent  sharply  over  in 
a  dorsal  direction.  Flatter  part  distinctly  wrinkled  in  con- 
centric folds,     (Example  :—Ze/)f(e>ui  rhombotdtdit.) 

Ordovidan  to  Carboni/troua.  Doubt  hang-i  over  all  the  species 
recorded  from  the  Lias.  Mun'er-Chaimas  finds  that  some  possess 
brachial  spires,  and  has  referred  them  to  a  new  genus,  Eoninck- 
elk  {BvU.  toe.  gioL  Fraw.e,  3me.  s^r.,  t.  viii.,  p.  279). 

Rafine equina. — Like  Leptnna,  but  without  the  abrupt  bend  in 
the  shell,  and  nnwrinkled.  (Example  : — SafineequxTia  (Stropho- 
mena) altemata.) 

Ordovician. 


Frodactas  (fig:  66). — Shell  punctate,  the  perforations  being 
•  See  HftU,  Pal.  of  New  Yori  StaU,  vol  viu.  (1892),  fto. 


CJoof^lc 
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produced  in  spines  of  various  lengths.  Not  attached  by  a 
pedicle,  as  are  the  preceding  genera,  but  (rea,  or  occasionally 
fixed   by  the  spinose  suriace   of  the  ventral  valve.*     Surface 


ng.  06. — Produetus  gigatiUut  (Ckrbtnuferoni). 

sometimes  smooth ;  more  commonly  ribbed,  with  hollow  spines, 
Aet  mostly  in  the  neighbourhood  of  the  hinge.  Tentral  valve 
strongly  convex,  with  curving  beak ;  dorsal  Ttlve  concave, 
No  foramen;  no  hinge-teeth.  Hinge-line  straight,  sometimes 
forming  the  greatest  width  of  the  shell,  with  ear-like  expansions; 
sometimes  shorter. 

Devonian  to  Permian.     Especially  C<ifh<m^arou». 

B.   iNABTtOVLATA. 

Yalves  not  connected  by  a  hinge,  being  kept  closed  by  tha 
adductor  mascles,  and  moved  apart  in  a  lateral  direction  by 
•'protractor  sliding  muBcles,"  so  tiiat  the  apices  of  the  valves  are 
made  to  diverge  from  one  another  sideways,  instead  of  approach- 
ing one  another  on  opening,  as  in  the  more  common  bracluopods, 
tlie  Articulata, 

Lingolo.— Shell  formed  of  alternating  lamelln  of  homy  matter 
and  phosphate  of  lime,  the  former  predominating;  flexible  in 
modern  examples ;  punctate.  Almost  equivalve,  each  valve 
shaped  like  a  flat  shovel,  pointed  at  the  beak,  truncated  on  the 
opposite  margin.  Smootl^  or  marked  by  mere  delicate  concentric 
growth-lines.      A  pedicle  emerged  between  the  beaks  of  the 

Ordovician  to  S«cent. 

Lingolella. — Like  Lingola,  but  with  a  vertical  slit  running 
from  the  beak  of  the  ventral  valve,  probably  to  allow  of  the 

*S«eR.EtheridM,JQD.,Q«uir(./iwii,  Otol.Soe.,  lS7S,p.  404,  and  1S7S, 
p.  iSS. 

Google 
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paaaage  of  the  pedicle.  Moicalar  impreaaiona  stronger  Uimi  in 
Lingnla. 

L.  Cambrian  to  OrdovieitMn, 

Obolella. — Shell  built  op  like  tliat  of  Idagnla,  but  with  phoa- 
pbate  of  lime  prepondentiiig  over  the  hornjr  lajen.  Form  a|>- 
proacbing circular,  nearly  e^uivalve;  valvea  only  alightlj  oonTez, 
and  coDcentricatly  marked.  The  beak  of  the  ventral  vuve  ia  fur- 
rowed on  the  inner  side  by  a  groove  for  the  pedicle.  Differs  from 
OboIOB  only  in  form  and  position  of  muscular  impreedonii,  those 
near  the  centre  of  the  vaJve  in  Obolella  being  -widest  at  the  end 
away  from  the  beak,  while  in  Obolua  this  end  is  narrowest. 

Both  genera  have  the  same  range,  Cambrian  and  Ordovieian. 

Disdna  (fig.  67). — Shell  minut^y  punctate,  composed  mostly 
of  homy  matter.  IneqnivalTe.  Form  circular,  smooth  or 
concentrically  marked.  Ventral  valve  flat  or  slightly  conical, 
with  beak  umost  centoal;  %  foramen  occurs  close  against  tb9 


Tl|t  %^~Ora%ia  paritien$i* 
(Senonion).  IntOTior  of  vmi- 
tr&l  valve. 

beakinadnltforms,  and  from  it  aforrow  some  times  mnsextemallj 
towards  the  margin.  Dorsal  vidve  conical,  with  an  excentrio 
beak.  The  forms  with  a  furrow  have  been  called  Orbionloldea, 
and  those  with  a  ventral  median  septum  Dlsclnisca,  leaving 
Disdna  only  for  Recent  spedes.     In  its  osoal  wider  aense. 


aia  ^: 


Discioa  is  Cambrian  to  Seeent. 


Crania  (fig.  68). — Shell  showing  pundation  on  inner  a 
only,  the  tubnlea  breaking  up  into  a  number  of  mudi  more 
minnto  ones  as  they  near  tbe  outer  aurfitoe.  Oalcareona  and 
fairly  thick ;  snb-rectangular  to  circular ;  sur&oe  smooth,  or 
ribbed  with  ridges  radiating  frvm  the  beaks.  Tentral  valve 
conical  and  attached  by  the  actual  shell-snbstance  of  the  beak, 
which  is  oommonly  nearly  centraL  Dorsal  valve  conical,  also 
widi  nearly  central  beak.  Both  valves  have  well  devdoped 
muscular  unpressions  and  a  oharaderistio  broad  flat  border 
marked  by  granulations.  The  ventral  valve  is  naturally  often 
found  adherent  to  other  fossils,  without  the  dorsal  valve, 

Ordovieian  to  BmuO,  21 


CHAPTER  XSIV. 

rOSBIL     OKNZBIO     TYPES. 

Tn.  Lamellibnutohiate. 

Iir  etmtTHt  with  Uioae  of  the  Brachiopoda,  the  biTslve  shells  oT 
tiieae  animiJa  have  typically  equal  yalyea.  Moreover,  hold  the 
shell  BO  that  one  valre  £aoeB  the  observer  and  the  umbos  form 
the  highest  point ;  a  vertical  plane  passing  through  tba  umbos, 
and  peroendicalor  to  the  plaae  of  junction  of  the  volres,  will 
dirios  ttte  ihell  into  two  unequal  parts.    Henoe  the  shel^  aro 


Kg.  69. — Hnnpklliate  LnmaUibnuioh  (O^tiitrta  (MrOMata,  nUgnnnwil.  Islt 
valve,  a,  ImweirioiiB  of  the  kddactor  miiBcIes.  a.1..  Anterior  latenl 
tooth.  «.J.,  Groova  for  the  eztemil  ligament.  A,  Hinge,  with  three 
divetving  cuduul  teeth;  the  middle  one  is  divided  by  a  groove.  I, 
LnnmiB.  p,  Palli*l  line ;  the  infold  of  siutu  indicstes  the  position  of 
t^e  retnotor  mtitole  ot  die  aiphon«.     «,  Umbo. 

Bud  to  be  eqtuioalve  but  ineqyalatervi.  The  longer  part  is  in 
almost  all  oases  the  posterior. 

One  or  other  valve  may  booome  smaller ;  but  in  these  inequi- 
ndve  genera  the  inequilateral  character  will  probably  betray 
itself  (fig.  72).  Similarly  some  genera  have  shellB  that  aio 
praotiMlly  equilateral;  but  a  slight  difference  of  tha  hinge-line 
oneither  sideof  theunkbo(fig.  91),  or  the  posterior  position  of  tha 
nngle  internal  muscular  impression,  will  often  serve  as  a  guide. 

The  classification  here  adopted  seems  suited  to  those  who 
uafbrtunately  have  to  deal  with  empty  shells  rather  than  with 
living  mollujus ;  but  it  must  oot  be  regarded  in  all  oases  u  a^ 
expression  of  the  nearest  sooiogioal  aluaaoes.    ^e  separation 


of  Leda  «nd  Kneola  is  t.  marked  Ulastration  <^  tfaia.  (See  tho 
intereatiDg  diaciusion  by  F.  Bernard,  Paleonlologie,  pp.  541-fi43.) 

Terms  used  :— 

Anterior  Border. — The  end  of  the  shell  where  the  month  and 
fi)ot  were  situated. 

Fott&rior  Bfrrdgr. — The  end  of  the  sheU  where  the  cloaoal 
apertnre  and,  in  siphonate  forms,  the  siphons,  were  situated. 

Umho. — The  beak  or  apex  of  either  TaJve.  Tliis  in  the 
majority  of  forms  is  directed  forwards — i.«.,  towards  the  anterior 
end.     Sometimes  bent  round  or  eTen  pointing  posteriorlr. 

Singe-line  or  "Hinge-border.'* — The  line  along  whion  more- 
ment  takes  place  when  the  valves  open. 

Ventral  Border. — That  opposite  to  the  hinge-line. 

Sight  and  Left  Valvea. — The  shell  is  held  resting  upon  its 
ventral  border,  and  the  anterior  border  of  the  shell  la  directed 
away  from  the  observer.  The  "right"  valve  is  then  to  his 
r^ht,  the  "  lefb  "  valve  to  his  left. 

Zigameni. — The  "external  ligament"  (by  which  the  valves 
would  be  opened  unless  held  closed  by  uie  muscles  within)  is 
placed,  in  the  main,  posteriorly  to  the  umbos,  and  sometimes 
leaves  an  impression  above  tlus  part  of  the  hinge-line.  The 
"  internal  ligament,"  or  "  cartilage,"  lies  within,  below  the  hinge- 
line,  and  is  set  in  Ugamentai  groooei  or  pit»  (figs.  61  and  93), 
which  are  seen  near  the  hinge  when  the  animal  matter  has 
disappeared.  It  may  be  remembered  that  the  internal  ligament 
beoomes  oompreased  when  the  valves  close,  and  that  its  ezpan- 
non  causes  them  to  open  directly  the  mnscnlar  pull  is  released. 
Sometimes  only  one  of  the  ligaments  is  presents 

Area,  or  Btcutchwn. — A  generally  elongated  oval  area  seen 
behind  the  umbos  in  some  genera,  when  the  valves  are  united, 
and  running  some  way  along  the  hinge-line. 

Lun^de. — An  oval  area  seen,  when  the  valves  are  united,  in 
front  of  the  umbos. 

Qaping. — When  the  valves  are  closed,  and  yet  leave  an 
opening  at  one  or  both  ends,  the  shell  is  sud  to  be  gaping. 

The  following  structures  must  be  noticed  on  the  interior  of 
the  valves : — 

Cardinal  Teeth, — One  or  more  prooaisoi,  fitting  into  sockets 
in  the  opposing  valve,  and  arising  near  the  centre  tA  tiia  hinge- 
line.  The  teeth  thus  alternate  in  opposite  valvea.  The  tru» 
cardinal  teeth  arise  below  the  umbo,  but  may  extend  back 
obliquely  from  it,  so  as  to  stimulate  lateral  teeth. 

Lateral  Teeth, — Similar  processes  oomm<mly  li^g^-like,  towarda 
the  Ulterior  or  posterior  end  tii  the  hinge  (figs.  69  and  73). 

Muteidar  Jtepremm*. — Hum  an  awlow,  birly  dnnlar,  car 
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peMMhap«d  pita  npreBenting  tbe  tnr&oei  of  attachment  of  the 
adductor  mnsdes,  or  mosclea  nsod  in  keeping  the  shell  cloaed. 
Sometimea  ool^  one  (the  posterior),  BometimeB  two,  are  present 
in  eooh  Talve.  When  the  two  impreuions  are  fairlr  equal  in 
area,  the  shell  ia  that  of  a  Homomyarian;  whan  the  anterior 
imprsBsioa  ia  smaller,  it  is  that  of  a  Heteromyantm.  The  animals 
with  onlj  one  adductor  muscle  are  said  to  be  Monomyarian. 

JPalliai  Lino. — This  is  a  faint  impressed  tine,  parallel  to  the 
border  of  the  valve  and  a  little  way  within  it,  representing  the 
line  of  attachment  of  the  mnscles  that  are  placed  near  the  edge 
of  the  mantle.  If  it  is  continnously  convex  oatwardly,  the 
shell  is  said  to  be  integripalliata.  If  it  is  more  or  less  indented 
by  a  pallial  ainns,  the  shedl  is  nnvpalliate. 

PiUlvd  Sinua. — An  infold  of  the  posterior  portion  of  the 
pallial  line,  sometimes  a  mere  shallow  curve,  sometimes  deep 
and  extending  back  even  beyond  the  centre  of  the  valve.  This 
occurs  only  in  forms  which  can  extend  and  retract  their  siphons. 

The  stmoture  of  the  shell-snbstance  itself  exhibits  two  Uyers, 
the  whole  being  covered  in  life  by  a  skin,  or  "periostracnm."  The 
outer  layer,  sometimes  thick,  sometimes  thin,  consists  of  calcareous 
prisms  in  contact  along  their  walls.  Here  and  there  a  polygonal 
interspace  occurs.  The  fibrous  structure  seen  on  cross-fracture 
of  loooeramus  is  due  to  well-developed  prisms  of  this  nature. 

The  inner  layer  is  formed  of  delicate,  compact,  and  P^rij 
lamelln,  sometimes  accumulated  to  a  great  thickness.  Tbeae 
layers  occasionally  leave  irr^ular  interspaces  or  chambers  of 
flattened  and  curving  form,  as  in  the  thickened  region  near  the 
umbos  of  some  oysters. 

The  shell-substance  is  sometime?  calcite,  but  most  commonly 
aragonite.  Or,  when  both  minentls  are  present,  the  outer  layercon- 
sists  of  calcite,  the  inner  of  aragonite.  The  mineral  constitution 
of  the  shells  of  many  genera  yet  awaits  investigation,  and  the 
usual  alteration  of  aragonite  in  old  forma  into  granular  calcite  pre- 
cludes certainty  of  determinatioQ  in  some  extinct  examples. 

The  lamollihranchiata  are  mostly  marine;  the  fii^sh- water 
types  referred  to  will  be  specially  ind(cat«d.  Some  genera  are 
attached  to  the  sea-floor  by  the  shell  itself;  others  by  fibrous 
outgrowths,  the  (ysnw,  issuing  near  the  umbos  ;  others  are  free 
and  looomotive.  A  few  lamellibranchs,  of  different  &milies, 
bore  into  mud,  wood  (as  Teredo,  the  ship-worm),  or  into  other 
shells,  corals,  or  even  the  hardest  stone  (as  Fholas  and  Litho- 
domus) ;  the  cavity  thus  made  ia  called  a  erupt,  and  is  increased 
until  tne  animal  and  shell  attain  their  fall  development.  Thus 
the  animal  cannot  leave  the  cavity,  oommunication  beii^  kept 
up  with  the  exterior  throngh  the  narrow  opening  which  repro- 
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aenta  the  flnt  lUge  of  the  boring.  'The  siphons  t.n  turned 
upwards,  the  anterior  end  of  the  animal  being  downwards,  and  a 
calcareoni  aipbonal  tube  is  Bometimes  developed,  the  small  shell- 
Talvee  becomiug  dwarfed  bj  comparison  and  incorporated  with 
the  tube,  and  the  whole  shell  thus  appealing  cy liodriual.  Aaper- 
giUum  is  one  of  the  moat  remarkable  examples. 

Boring  shells  are  often  represented  merely  bj  casts  of  their 
crypts,  which  are  often  club-shaped,  the  short  handl-a  of  the  club 
bnng  the  result  of  the  infilling  of  the  narrow  entry  to  the  cavity. 

Fossil  siphonate  shells  are  ocoasionAlly  found — and  should  be 
looked  for — in  the  position  in  which  they  lived  in  the  soft  mud 
which  ultimately  entombed  them ;  their  umbos  are  thus  directed 
downwards,  and  their  siphon&l  ends  upwards,  in  the  stratum. 

A.    HOKOHTABUS  81FBC8ATE   P0R1I8  WITH  FaIXIAI.  SiRTTS 

(Sikupalliatb). 

The  adductor  mnsonlar  impressions  are  two  in  each  Talve^  one 
posterior,  one  anterior,  and  &irly  equally  developed.  The 
animal  possessed  long  retractile  siphons.  In  certain  exceptional 
i^ilies  these  siphons  are  encased  in  a  oalcareoos  tube  projecting 
&r  beyond  the  limits  of  the  valves. 

CyUierea  (fig.  69). — Shell  thick,  approximating  to  circular, 
umbo  well  forward,  with  Innnle.  Generally  concentricallT 
marked.  Three  diverging  well  developed  cardinal  teeth  in  each 
valve.  An  anterior  lateral  tooth  in  left  valve.  Pallial  sinus  acute- 
angled,  moderately  developed.  Inner  margin  of  shell  smooth. 
Cretaenmt  to  Jieeent. 

Venus. — Like  Oytherea,  but  without  lateral  tooth,  and  com- 
monly with  delicately  grooved  inner  border. 
Jtwamie  to  SecetU. 

TelUiUk — Slightly  inequivalve.  Shell  thin,  elongated  oval, 
rounded  anteriorly,  more  acute  behind.  Umbos  almost  in 
centre.  Concentrioally  marked.  Hinge  nar- 
row; in  each  valve  two  cardinal  teeui,  and 
commonly  on  anterior  and  posterior  lateral 
tooth.     Sinua  very  broad  and  deep  (Gg.  70). 

Cretaeeout  to  Seomt;   this  genua  ia  par- 
ticularly rich  in  living  species. 


(Potl 


tPa*t  ■  PUooene).  Panopaa  (Qlycimeri8).~^hell  thick,  often 
Bight  valve,  large,  and  approachingan  elongated  rectangle. 
SSw  MM.  Gaping  at  both  ends.     Umbos  rounded  and 

~  placed  well  forward.     Oonoentrically  marked. 

One  cardinal  tooth  in  each  valvch 
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NoU. — The  llmiti  of  thia  genu  an  lommrhat  obMon. 

Cmnoxotc.  Many  older  formB  referred  to  PKQ^>na  an  nov 
placed  with  the  Pholadonifidn  (Qresalja,  &c.) 

Fholadomya. — Shell  thin,  elongated  or  obliquely  otaI,  markedly 
oonvez ;  gaping  behind  and  sometimes  in  front.  Anterior  border 
ft  little  truncated.  Umbos  well  forward.  Escat^heon  some- 
timefl  present  Marked  with  knotty  radial  ribs,  particularly  on 
the  anterior  snrface ;  also  with  more  delicate  concentric  lines. 
Practically  toothless,  one  obsonre  process  occurring  in  each 
TalvB.  Sinus  broad  and  &irly  deep.  The  thinness  ^  the  shell 
mskes  oasts  alone  commonly  met  vith. 

Zaoi  to  Recent.     Oharacteristically  Jwrauie. 

Ootllomya. — Like  Fholadomya,  but  marked  with  rather  delicate 
ribs,  forming  Vs,  the  angle  of  which  is  directed  towards  the 
middle  of  the  ventral  border. 

Especially  Jvraiaic, 

Homomya. — Like  Fholadomya,  rather  elongated,  gaping  kt 
both  ends,  bnt  with  only  ooncentric  striations. 

ZViof  to  Cretaeeout. 

OreBslya. — Also  one  of  the  PholadomyidK.  Elongated  oteI, 
mnch  like  the  longer  Fholadomyas,  but  right  valve  somewhat 
larger  than  left,  the  umbo  rising  higher.  TTmbos  well  forward  ; 
lunule  present,  no  escutcheon.  Concentrically  marked.  Sa 
teeth.  Bight  valve  with  a  ridge  running  along  the  hinge-line 
from  the  umbo  posteriorly,  which  leaves  a  furrow  in  the 
casts  that  frequently  occur.     Compare  Geromy^ 

Trial  to  Jwrauie. 

Csromya  (Isocatdis  in  part). — inequi valve,  sometiinei  the 
right,  but  more  commonly  the  left  valve  being  slightly  the  lai^r, 
the  umbo  rising  higher,  as  in  Gresslya,  and  the  posterior  border 
overlapping  that  of  the  other  valve.  Approximating  to  circular, 
strongly  convex,  slightly  gaping.  Umbos  large  and  well  rounded ; 
Innnle  feeble  or  absent  Concentrically  marked.  No  teeth. 
Bidge  in  right  valve,  as  in  Oresalya.     Commonly  found  as  oosbs, 

^Tpioally  Middle  and  Upper  Jurtatie. 


HaotrtL — Shell  fiiirly  thick,  approximately  triangular,  rounded 
in  front,  more  pointed  behind;  gaping  slightly  posteriorly. 
Concentrically  marked.  A  cardinal  tooth  in  each  valve,  bifur- 
cating, and  thus  shaped  like  an  inverted  V;  behind  it,  and  still 
under  the  umbo,  a  triangular  pit,  which  marks  the  position  of 
the  cartilage  or  internal  ligament.  A  second  cardinal  tooth,  of 
lamellar  shape,  is  sometimes  present  Anterior  and  posterior 
lamellar  lateral  teeth  well  marked,  those  of  the  right  valve  being 
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doable — i.e.,  consisting  of  two  parallel  lidgM  mnning  along  the 
hinge-line.     Binas  shallow. 

Middle  Jtiraiaie  to  Recent.     Especially  CoMiozoic. 

Uya  (fig.  71). — InequiTolve,  left  te^tc  the  smaller.  Elon- 
gated, Bomewbat  oblong ;  gaping  markedly  at  both  endji.    Umbos 


ftpproaohing  oentre  of  margin.  Concentrically  marked.  Left 
valve  with  a  well  developed  spoon-like  process  under  the  ambo^ 
for  the  attachment  of  the  cartilage.  Right  valve  with  one  small 
cardinal  tooth.  Sinus  large  and  deep  ;  pallial  line  often  showa 
strong  subsidiary  impressions  running  upwards  from  it 

The  Hyas  burrow  into  sandy  mud,  particularly  near  the  shore. 
'  Mioe«n*  to  Eeeeni. 

Corbnla  (fig,  72). — ^AUy  of  ITya.  Inequivalve,  left  valve  much 
the  smaller.  Shell  small,  oval,  produced  posteriorly,  ending 
there  with  rather  a  straight  border  j  not  gaping.  Concentrically 
marked.  One  cardinal  tooth  in  right  valve ;  left  valve  with  a 
process  much  like  that  of  Hya,  which  fits  into  a  groove  behiud 
the  tooth  of  the  right  valve.    Sinus  quite  shallow. 

Marine  or  Estuarine. 

Triae  to  Secmt.     Especially  Cainoxoic 

Leda. — Shell  small,  elongated  and  narrowed  posteriorly,  with 
umbos  directed  backwards.  Hinge-line  bent,  with  numerous 
transverse  teeth,  as  in  Nucola,  with  which  Leda  should  bs  com- 
pared (see  fig.  60). 

Oodandian  to  SecetiL   

Teredo. — One  of  the  Pholadidte;  the  so-called  ship-worm. 
Shell  small,  each  valve  three-lobed,  the  central  lobe  the  longest. 
Concentrically  striated.  No  true  hinge  or  ligament,  the  valves 
being  quite  snbsidiaiy  to  the  great  siphonal  tube,  wUoh  eztenda 
far  beyond  them. 


i^kioi^lc 


316.  LUmUBKAHOBUTl. 

The  borings  (£  this  moUuo  an  tabular  like  thoae  of  wonni^ 
bnti typically  somewhat  gtroighter;  they  are  found  oommonly  in 
fouil  vood,  OS  in  the  London  Clay,  either  empty  or  infilled  with 
mod  or  crystedline  deposits. 

Lias  to  Becmi.    Espeoially  CatnoMie. 


B.  HOKOHTABIAH  SiPROlTATB  VOBIH  WtTHOOT  FaIXIAL 
Sunn  (iRTKOBtFALLIAn). 

nie  oddnctor  muscular  impressionB  are  two  in  each  valve,  as 
in  ^e  preceding  group,  and  the  absence  of  the  pallial  sinus 
makes  tlie  interior  of  the  valves  resemble  those  of  homomyorion 
aatphonate  forms.    The  siphons  of  the  animal  were  not  retractile. 

CardiniiL — The  common  Cockle.  Shell  &irly  thick,  approxi- 
mately circular,  or  elougated  in  a  vertical  direction;  sometimes 
slightly  gaping  behind.  Umbos  rather  large  and  rounded. 
Bodially  ribbed,  the  ribs  commonly  ornamented  with  protuber- 
ances. Two  cardinal  teeth  and  an  anterior  and  posterior  lateral 
in  each  valve  {fig.  73).     Inner  border  notched. 

Forms  with  radial  markings  on  the  posterior  part  only,  and 
concentric  on  the  remainder,  have  been  sometimes  divided  off 
under  the  name  Protocardia. 

Rkalie  to  RiemU  ;  especially  Caktowie. 

Conocordiam  (fig.  74). — Shell  heart-shaped  when  vievod  from 


Kg,  73.  —  Hinge  of  Cardial  tduU 
fEUoent).  Left  toItb.  e,  Tho  two 
ewdiiul  teeth.  I,  The  ridge-Uks 
UtMol  teeth. 

the  front,  but  somewhat  elongated  behind;  strongly  oonvez. 
The  anterior  end  is  truncated,  the  umbo  being  close  to  it;  jnst 
below  the  umbo  a  tube-like  prolongation  of  the  shell  runs  out  in 
oontinnation  of  the  hinge-line.     Gaping  at  the  posterior  end. 


)  by  Google 


LAHKLUBRUtOaUTJi, 


339 


Bkdially  marked;  muvma  shuply  folded  by  the  ridgei  and 
farrowB,     Almoat  toothleu. 

GoUandian  to  Catianifeivut. 

Cyrena  (fig.  76). — Shell  thick,  oval,  ■ometimoB  rather  aoata 
poateriorly.  Ooncentrically  marked.  Three  cardinal  teeth  and 
an  anterior  and  posterior  lateral  in  each  valve.  Sometimes  a 
slight  paUial  sinus.  In  the  sub-genus  Corbicolfl  the  lateral  teetb 
are  elongated  and  transverasly  striated. 


Tft^  7B.— Cyvna  emeifiirmU  (IiOWet  Loadon  TeitiariM). 

Braddsh  or  fresh-water  at  present  day,  bat  often  associated  at 
river-mouths  wltli  typically  marine  shells,  and  hence  of  little 
value  as  a  snide  to  conditions  of  deposition. 
Liaa  to  BeeenL 

Cyclas  (Sphffiriom). — Ally  of  Cyreua,  but  ebell  thin  and  nearly 
equilateral.  One  feeble  cardinal  tooth  in  right  valve  and  two  in 
left.  lamellar  anterior  and  posterior  lateral  teeth.  FtSBh-water. 
The  referenoe  of  Wealden  species  to  this  genus  has  been  criticisedr 
though  very  generally  made.  Sandberger  quotes  the  earliest 
Oycias  as  Eocene,  referring  older  forms  to  Oyrena,  &c. 

Cyprins.— -Shell  thick,  oval,  resembling  Cytherea;  markedly 
convex.  Conoentrioally  striated.  Two  car- 
dinal teeth  and  one  posterior  lateral  tootb 
in  each  valve.  There  are  also  two  feeble- 
anterior  lateral  teeth  in  the  right  vaive  ; 
and  in  the  left  valve  one  anterior  lateral 
{FUdter). 

Lias  to  ReoenL 

Afftarte  (fig.  76).— Shell  thick,  approach- 
ing circnlar  at  times,  at  others  obliquely 
elongated.     Umbos  rather  pointed ;  lunula 
generally  present.     Ckincentrically  marked. 
Two  cardinal  teeth  in  each  valve;  no  laterals. 
JAat  to  Beoml.     Especially  Cairtozoie. 


(Inferior 
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C&rdlta. — Shell  (hick,  Bomewhcit  like  Cardium,  bnt  occuionallj 
elongated.  UmboB  well  forward.  Radi&llj  ribbed.  Inner 
border  notched.  Two  elongated  cardinal  teetfa,  and  a  feeble 
•Dterior  lateral,  in.  right  valve ;  two  divergent  cardinal  teeth, 
and  one  feeble  posterior  lateral,  in  left  valve.  (Ab  to  difSonltr 
in  reading  teeth  in  Cardita,  see  Fischer,  C<meJiyliologie,  p.  902.) 

TrUu  to  Ef.cenL     Especiallj  Cainotoic 

Vanericardia. — Much  like  Oardita.  T«ro  oblique  cardiaal 
teeth,  and  a  feeble  anterior  lateral,  in  right  valve  j  two  cardinal 
teeth  and  one  long  lamellar  posterior  lateral  in  left  valve. 
Interior  of  margin  of  abell  distinctly  notched. 

Eocmte  to  Becent. 

Crassatella. — Shell  decidedly  thick,  oval,  truncated  slightly  at 
posterior  margin.  Lunule  present.  Three  cardinal  toeta  in 
right,  two  in  left  valve ;  an  anterior  and  posterior  tatenil  in  both. 
Pit  for  cartilage  .immediately  below  the  umbos,  and  behind  the 
middle  cardinal  tooth  of  the  right  valve. 

Creiaetoua  to  Steent.     Especially  U.  Cretaototu  and  Eocena. 


Cardiula. — Placed  by  S.  7.  Woodward  near  Cardita,  by  other 
authors  as  an  asiphonate  form  near  Unio.  Shell  elongated,  oval, 
flattened  at  the  sides.  Umbo  well  forward.  Concentrically 
marked.  Two  cardinal  teeth  in  left  valve,  one  in  right,  their 
feeble  development  being  a  characteriatio  feature ;  anterior 
lateral  tootli  in  right  valve,  elongated  posterior  lateral  in  left, 
well  developed. 

^roMte.     Especially  Liag. 


Clutma. — Inequivalve;  commonly  attached  by  the  umbo  of  the 
left  valve,  the  upper  valve,  which  is  therefore  generally  the  right, 
lieiQg  the  smaller.  Bhell  tJiick,  almost  circular.  Umbos  of  both 
Talvea  bent  forward  and  curved  over,  as  if  about  to  coil  spirally. 
Oonoeutrically  marked,  the  successive  shell-layers  protruding 
beneath  one  another  with  irregularly  serrated  edges,  giving 
the  surface  a  foliaceous  appearance.  One  atout  cardinal  tooth  in 
apper  valve,  two  in  lower,  between  which  tfae  first-named  fita. 

Zouer  Cretaeeoua  to  Stegnt.     Especially  Coinosoic. 

Diiwras. — Slightly  inequivalve;  attached  by  umbo  of  one  or 
other  valve.  Shell  thick,  approximately  circular.  Umbos  very 
prominent,  each  being  spirally  curved  and  recumbent,  as  it  were, 
against  the  surface  of  the  shell.  Concentrically  marked.  Bight 
▼alve  with  one  cardinal  tooth,  Bomewhat  flattened  and  fbhled ; 
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abo  K  niukll«r  tooth  nenr  the  anterior  end  of  the  hinge.  Left 
Tftlre  irith  one  oarring  tootb,  vhioh  is  elongated  parallel  to 
the  border.  The  curved  muBcatar  im- 
presaions  ore  bounded  by  ridges,  which 
leave  spiral  grooves  on  the  casts  that 
often  occnr;  these  grooves  ran  almost 
verticallf  down  towards  the  edge  repre- 
senting the  margin  of  the  valves.  In 
such  casts  the  nmbos  appear  still  more 
distinctly  prominent,  the  spiral  turns  of 
the  internal  moulds  nob  being  in  contact 
with  one  another. 

M.  and  V.  Jurataie  ( Tithonian). 
Hipporites  (fig.  77). — This  eztiaordin- 
aryshell.a  representative  of  on  altogether 
exceptional  family,  the  Rudistte,  is  nov 
regarded  as  allied  to  Diceras  and  the 
other    Chamids,    particularly   through 
Monopleura,  in  whjch  one  valve  is  coni- 
cal snd   the  other   like  an  operculum 
fitting  on  it.     In  Hippurites  the  shell 
is  also  very  inequivalve,  the  lower  valv^ 
which  is  the  right,  being  conical,  or  more 
often  cylindrical,  terminating  in  a  cone 
at  the  base.     This  valve  is  vertically 
furrowed  and  ribbed.    Left  valve  small 
and  fiattish,  strewn  over  with  the  small 
apertures  of  canals  which  perforate  the 
shell;  radially  ribbed  in  most  cases,  with 
Fig.  Tl.-B:ppuriur(3^.    «^tral  umbo  J  resembles  an  operculum 
onian).    Lift  (opewmhtr)    ^•'^n  closed  down  on  the  large  right 
valva  removed.  valve.     The  interior  of  the  left  valve 

bears  long  vertical  processes  corre- 
sponding to  teeth,  which  fit  into  deep  sockets  in  the  lower  valve. 
The  chamber  in  which  the  animal  lived  is  quite  small,  the 
lower  part  of  the  shell  being  filled  up  by  the  deposit  of  the 
inner  shell-layer,  which  produces  a  succession  of  irregularly 
curving  partitions,  with  interspaces.  A  similar  infilling  occurs 
irithin  the  long  umbos  of  certain  oysters. 

In  some  allied  forms,  as  BadioUtes,  the  outer  prismatic  shell- 
layer  presenta  on  fracture  a  coarse  structure  of  hollow  rectangular 
cells. 

The  noemhlanoe  that  the  shells  of  Hippurites,  &e.,  bear  to 
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conls  is  aometimea  inoreued  by  their  dtutering  tK^thsr  ukd 
growing  up  side  by  side  in  groups. 

Eatireljr  Cretaceous;  puticularljr  in  the  higher  beds. 


C.   HOHOMTASIAH  AsIPHOKATX  rOBUB   (ISTBGBIPALLIATB}. 

The  anim&l  does  not  poaaess  diati&ot  siphons.  The  tinpres- 
■iona  of  the  anterior  and  poaterior  oddnctor  mnscles  are  practi- 
calljr  of  the  same  size.     Shell  typically  equindve. 

ijoa  (fig.  78). — Shell  thick,  approachioK  rectongnlftr;  markedly 
convex.  TJmboa  prominent  and  rounded,  with  a  triangular 
striated  area  between  them  and  the  hinge-line,  forming  a  surfaco 
of  attachment  for  the  ligament  during  life.  Kadiallj  marked. 
Straight  hinge-line.  Teeth  very  numerous  in  each  valve,  forming 
well-marked  abort  tranaverse  ridgea  on  the  broad  surface  of  the 


tiff  78.— Jrca  K<kb  (Becent).     loft  valve 

ahowing  area  beneath  the  umbo,  uid 
the  Dmneroiu  hinge-teeth. 

hinge,  tbe  series  extending  on  each  side  of  the  umbo  nearly  to 
t^e  lateral  margins. 

Pre-eocene  forms  are  perhaps  more  allied  to  Parallelodon. 

Ordovician  ())  to  Heeeni. 

CyrtodoutB  (Paltearca). — Close  ally  of  Area;  umbo  near  anterior 
border.  Some  of  tbe  teeth  lie  beneath  the  umbo,  others  are  set 
near  the  posterior  part  of  the  hinge.     Oonoentrically  striated. 

Cambrian  to  Devonian. 

Cncalieea  (fig.  79).— Like  a  stout  Area  in  form ;  but  the  teeth 
nearest  the  anterior  and  posterior  margins  are  set  parallel  to  tbe 
hinge-line,  forming  horizontal  ridges.     Ooncentrically  striated. 

Devonian  to  Recent.  Especially  Meaozoie.  Whidborne,  Pal. 
;Soc.,  "  Devonian  Fauna,"  vol.  iii.  (1898),  p.  109,  includes  two 
I>eTonian  species. 

Parallelodon  (Hacrodon). — Much  like  Cuculleea,  but  umbo  moro 
anterior,  and  anterior  teeth  transverse,  posterior  pandlel  to 
^liinge-line  and  ridge-like. 
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Devonian  to  Soeme.     EBpeciallT  CarbcnifiiroKa. 

Feotnnoaliu. — Shell  thick;  vidves  almost  circnlftr  and  eqni- 
laterftL  TriuiguUr  ligameatal  aarfaca  as  in  Area.  In  moat 
■peciea  radially  and  rather  delicately  marked.  Hinge-line  curved, 
with  DunieronB  transTerae  teeth,  those  nearest  the  centre  being 
obliterated  aa  the  shell  approaches  old  age.  Inner  margin  M 
valves  notched.     Shell  aragonit«  (Comith  and  Kendall). 

Lower  Cretaeeoue  to  Seoent.     Especially  Oainotoic. 

Caidiola. — Form  intermediate  betireea  a  typical  Area  and  a 
Pectunculns.  "Umbos  distinctly  anterior  and  slightly  twisted. 
Iiigamental  surface  nnder  them  as  in  Area  and  Fectuncolua. 
Surface  furrowed  radially  and  concentrically,  so  as  to  give  a 
nodose  aspect.  Hinge-line  straight  Believed  to  be  toothless. 
The  alliance  of  this  &ell  with  the  Arcidn  is  fairly  olear,  despite 
tiie  obscurity  as  to  its  teeth, 

Ootlandian  and  Bewmian. 

Macula  (fig.  80). — Shell  small,  somewhat  triangular,  the  umbo 
forming  the  apex.  The  umbos  point  backwards,  the  smaller 
lialf  of  each  valv*  being  thus,  by  an  exception,  posterior.*  Hinge- 


JMnder  forming  two  lines  diverging  from  the  umbos ;  the  teeth 
resemble  those  of  Area,  and  are  set  along  the  two  diverging  lines 
of  the  hinge.    A  pit  for  the  cartilage  occurs  nnder  me  nmba 
Conoentri<^y  or  ndially  marked.    Oompare  Leda,  p.  327. 
Ooltandian  to  Meeent. 


Trlgonii. — Shell  thick,  typioally  rather  angular  at  umbo, 
rounded  anteriorly ;  drawn  out,  but  finally  truncated,  behind. 
Umbo  bent  slightly  backwards.  A  large  area  or  escutcheon  is 
commonly  formed  on  the  posterior  surfiMO,  bounded  on  eadi 
Talve  by  a  fold,  whieh  runs  from  the  umbo  to  the  lower  point 
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of  tbd  tmncated  border.  A  Bsbaidiary  eseatohoon  u  formed 
-within  this  by  another  pur  of  folds,  which  occur  mDch  neam  to 
tiie  hiiige-liii&  Mark^  with  nodose  tudial  (ramiy  conoentoio) 
liba,  wMoh  are  gfmerally  coarsely  dsTeloped.  The  posterior  area 
above  described  is  often  smoother  than  the  rest  of  the  snr&ce, 
and  is  marked  by  strice  parallel  to  the  truncated  border.  Two 
diverging  plate-like  cardinal  teeth  in  right  valve,  wiUt  pan^^ 
grooves  on  their  broad  snrCaces ;  one  strong  oentral  tooth  in  left 
valve,  with  a  feebler  tooth  on  each  side  of  it. 

When  the  shell  is  lost,  the  fossil  forms  are  represented  by 
casta,  in  which  the  nodose  ribs  are  wanting.  Hence  the  ohar- 
•cteristio  form,  and  particulsjriy  the  impressions  of  the  furrowed 
teeth,  most  be  taken  as  a  guide. 

Tria8to£e<MU.    Very  rare  in  Comosok;  abnndant  in •Tunwno. 

Schizodas.  —  Form  much  like  a  small  Trigonia.  Bnrfaoe 
smooth.     Teeth  like  Trigonia,  but  not  fiirrowed. 

S'pically  Permian. 
yophoria. — form  somewhat  like  Trigonia,  with  an  extern^ 
ridge  and  i\irrow  ranning  obliquely  from  the  umbo  to  the  jnno- 
tion  of  the  ventral  and  posterior  borders.  Smooth,  or  ribbed 
oonceutrically  or  radially.  Teeth  as  in  Trigonia,  but  the  anterior 
one  in  the  right  valve  is  not  farrowed. 

This  genuB  is  with  difGcolty  sepatmted  from  Trigonia,  bnt  the 
shells  are  typically  smaller  and  not  nodan.  Kor  ii  tite  umbo 
so  angular  as  in  Trigonia. 

Trlu, 


Unio. — Shell  fairly  thick,  elongated  oval,  and  sometimes  ap- 
proaching a  parallelogram.  ITmbos  well  forward.  Commonly 
rather  smooth,  ooncentrically  marked.  Two  irregnlar  teeth  in 
each  valve  J  these  are  followed  by  one  posterior  lateral  tooth  ia 
right  valve,  and  by  two  in  lei^  elongated  parallel  to  the  bordoK 
Fresh-water. 

Tritu  to  SmoU  ;  cspe^ally  abundant  at  the  present  day. 

AnodontfL — Shell  thin ;  otherwise  like  Unio,  bat  devind  of 
teeth.    Freeh-water. 

CaiiuKoic. 

Archaoodoa— Early  ally  of  Anodonta.  Probably  toothless. 
V.  Deoonian  {A.  Juketii),  in  passage-beds  to  Oarbooiieroaa. 

CarbonicolB  {Anthracoda). — Outwardly  has  some  resemblance 
to  Coidinia.  One  cardinal  tooth  in  each  valve;  no  laterals.' 
Trobably  Fresh-wi 

Cod-iffeamru. 


Orthonota. — Elongated,  oval ;  umbos  near  aatwior  end ;  inJU 
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markad  lanole.    One  or  two  folds  ran  obliquely  from  each  umbo 
to  the  base  of  the  posterior  margin.    Hiage-Une  straight,  with  one 
or  two  small  can&nal  teeth.     Of  somewhat  doubtful  utfinitias. 
Ordovician  and  Oollandian. 

2f«t^ — Qm&mfSlk  is  cloielT  allied,  bat  itt  mascnlar  impreanoriB 
wtmld  arbitr&rilv  ramoTe  it  to  the  heteromyaria.  It  is  characteriaed  by 
'  abenioe  of  t«etn  and  by  two  or  more  grooves  aod  ridges  nimiiag  from 
the  umbo  to  the  base  of  the  posterior  margin,  afkd  forming  a  broader  (m* 
narrower  band  across  the  oonoentrieally  striated  shell  or  acrosB  its  oasts. 
The  fonn  is  thns  mnoli  like  Orthoaota;  also  like  Modiola.     Ootiautian 


D.  Hbtkeomtakiau  SipaoxATE  roans  without  Pallial 
Sinus  (Ihtkgripalliatk). 

For  nkOBolflS,  see  section  E  below. 

Drelsaena  (DrelBsetuda). — Though  a  siphonate  form,  this  is 
a  close  allj  of  Litbodomus  and  Modiola.  Shell  like  Mytilua,  or 
approximately  quadrilateral,  with  an  anterior  opening  between 
the  valves  for  the  bysaus.  Hinge-line  somewhat  curved ;  umboa 
terminal.  Often  a  fold,  as  in  Modiola,  runs  from  the  umbos 
towards  the  base  of  the  posterior  margin.  Smooth,  or  ton- 
centricaUy  marked.  One  or  two  foeblj  developed  cardinal 
teeth,  accompanied  below  the  umbo  by  a  plate  wbiob  bears  an 
impression  of  the  anterior  muscle.     Inner  shell-layer  absent 

rresh  and  Brackiflh  Water. 

Eoeerte  to  Seoent,     Especially  Mioeeae  and  Pliocene. 

Congeria. — A  marine  ally  of  Dreissena,  with  a  small  process 
for  pedal  muscle  behind  anterior  muscular  impression. 

Caintaoie  and  SeoenL     Abundant  in  Miocene  and  Fliocent, 

£.  HireaoKTARiAx  Asipboitatb  fokms  (Ihtkobipalliatk). 

The  impression  of  the  anterior  adductor  muscle  is  much 
smaller  than  that  of  the  posterior.     Shell  often  inequivalve. 

Avloala. — InequivalTe,  the  left  valve  more  convex  thau  the 
right,  l^pioally  nther  small;  obliquely  oral,  often  resembling 
the  shape  of  an  insect's  wing.  Straight  hinge-line;  umbo  not 
Tery  prominenL  The  shell  is  expanded  posteriorly  under  the 
hinge-line  to  form  a  well-marked  ear ;  a  much  smaller  ear, 
notched  for  the  exit  of  the  byssns  by  which  the  animal  was 
attached,  occuri  in  firont  ot  the  umbo.  Oommonly  marked 
rs^ially.  One  feeble  cardinal  tooth,  and  sometimes  a  long 
posterior  lateral  tootb,  in  each  valve.     Cartilage-pit  broad. 

OrdrwioMM  to  Beetnt;  but  oharacteriatically  Mttotoie  and 
Cainovrie. 

Pterlnaa. — Mocb  like  Avicula,  but  with  larger  posterior  ea^ 
*nd  a  number  of  short  hinge-teetli ;  three  or  more  elungated 
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posterior  lateral   teeth   ruo  obliquely  from   ander  the  umbo 
towards  the  centre  of  the  large  posterior  ear, 

Ordtmeian  to  Carbonifermtt.     Mostly  Devonian. 

Posidonomya  (fig.  61). — Eqaivalve.  Shell  thin  uid  Uter^y 
compressed.  Obliquely  and  rather  broadly  oval.  Umbos  not 
prominent;  hinge-line  abort  and  Btmigbt,  without  true  cars. 
Coucentricalty  marked.     No  teeth.     See  Eatheria  (Phyllopoda). 

Ordovusian  to  Jttrastic.     Especially  Carionifisrottg. 

Monotis. — Equivalve;  typically  small;  form  much  like  Fou- 
doBomya,  but  with  a  smaU  rounded  anterior  ear  and  a  more 
■UAtked  posterior  one.    Radially  marked.    No  teeth, 

TWw. 

DaonellB. — Ally  of  MonotU.  Form  rather  semicircular,  with 
«  fairly  long  stnugbt  hinge-line.  No  ears.  .  Umbos  almost 
«entral  and  not  prominent.    Radially  muked.    So  teeth, 

Tna$.  

Inocflramos  (fig.  62).— Somewhat  inequivalTe.  Varying  mncli 
in  size,  some  species  measuring  two  feet  or  more  across.  Form 
obliquely  oval,  with  a  straight  hinge-line.  Umbos  fairly  prominent) 
fiometimes  twisted,  and  set  well  forward.  Concentrically  and 
boldly  furrowed ;  rarely  radially  farrowed.  The  hinge-border 
bears,  when  viewed  from  within,  nameroos  closely-set  cartilage- 


pits,  which  lie  transvetBely  to  the  length  of  the  hinge.     ZTo 
teeth.     Oompare  Fema  below. 

The  outer  layer  of  the  shell  is  commonly  well  preserved  in  the 
species  from  tbe  Chalk,  though  not  in  those  from  the  Gault; 
it  is  easily  recognised,  even  in  firogmeats,  1^  its  fibrous  oroes- 
fi-aotnre  (see  p.  324)  and  is  often  S  mm.  thick.  The  inner 
sar&oe  u  these  fragments  is  sbea  to  be  smooth  and  slightly 
aDdalating. 
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A  aab-genui  ActiaoceramoB  (fig.  83)  hu  been  Mtabliahed  for 
the  singular  opeoies  with  deep  radial  fbrrows;  but  trauution*! 


Shi 


,  84.— Ptma  Jft4fflrti(AtherfieldCl»y). 
■owing  (o)  the  Mriea  of  liguneot-ptl 
.  AU.  w:..«>  i;*...       1 '  1   r    in  iIiIb  mnmia 


Maozoio.     Especially  CTtlacaoua. 

Perna  (fig.  84 J. — Sometimes  markedly  inequiTalve.  General 
resemblanoa  to  Inoceramus,  Sometimes  elongated  posteriorly, 
bnt  often  approximately  qnadnl&teral,  Tith  roanded  ventral 
border.  The  umbo,  which  is  acute,  is  set  at  the  anterior  end  of  the 
straight  hisge-line.  Concentricaily  marked.  Kameroos  trans- 
Terae  ligamental  pits.     Toothless.    Material  of  shell  foliaoeoos. 

Triat  to  Reaml. 

Gerrillia. — Inequi valve ;  resemblinga  much  elongated  AvioalA, 
Hinge-line  straight,  with  a  very  small  anterior  and  a  lai^r  pos- 
terior ear.  TTmbo  terminal,  like  a  mere  anterior  rounding  of  the 
binge-line.  Concentrically  marked.  Oblique  ridge-like  teeth, 
running  posteriorly  ;  in  snb-genus  Hoemesia  one  cardinal  tooUi 
in  each  valve.  Oartitage-pits  couspicaons,  broad,  and  set  at 
some  distanoB  from  one  another. 

ZWaa  to  Eocene.     Typically  a  Mtsotoie  genns. 

Pinna. — Shell  thin,  elongated,  each  valve  triangular  in  form ; 
gaping  behind,  so  that  the  whole  shell  is  wedge^haped.  Hinge- 
une  long  and  straight;  nmbos  terminaL  Marked  with  fine 
concentric  lines.     No  teeth. 

The  inner  shell-layer  is  thin,  and  is  composed  of  arft- 
gooite;  the  prismatic  (calcite)  laver  is  thus  partionlarly  pro- 
minent. In  the  allied  genus  Finnigenaor  TncMteB  {oiJuramU 
and  Lower  Cntaoeoui  age)  the  prismatio  fragments  are  found  aa 
inch  or  more  in  thickneas. 

Dmwnian  to  Beoat^.     Especially  Cntaetout. 

JbtUoBi. — Hie  common  marine  moueL     Shell  rather  thin: 
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«longitad  and  MtproMhing  triaagnlftr,  pointed  in  front,  rounded 
bdiind.  SmooUi,  or  concentri^Uy  (rarely  radially)  marked. 
Hinge-line  atroiglit,  umbos  terminal.  Sometimes  one  or  tvo 
obeonre  oardinal  teeth. 

The  modem  mussels  live  n«ar  the  shore-Une,  becoming  vn- 
oovered  at  low  wat«r,  and  are  attached,  often  to  one  another, 
hy  a  coarse  byssna.     The  inner  shell  layer  ia  aragonite. 
Triaa  to  Stemt. 

Uodiola  (fig.  66). — Bears  some  resemblance  to  MytUiu,  bat  in 
iorm.  approa^ea  an  elongated  rectangle;  the  posteriw  end  is 
more  rounded  than  the  anterior,  and 
a  broad  fold  often  runs  obliquely  from 
the  umbo  to  the  base  of  the  posterior 
margin.     Umbos  not  quite  terminal ; 
hence  this  region  of  the  ahell  has  none 
of  the  triangular  appearance  so  charac- 
teristic of  the  anterior  end  of  Mytilns. 
Kg.  SS.—Modiola Fiitoni      Concentrioally(rareIy  radially)m»rked. 
(Pnrbeok  Beda).  Ho  teeth. 

The  modem  Modiolaiabanowii^  in 
habit,  or  forma  a  neat  around  it  of  fragments  of  sand,  shells,  £c. 
Devonian  to  Saeent.    Elspecl- 
ally  Jwauio. 

titbodomu. — Close  ally  of 
Modiola.  Shell  cylisdnoal, 
narrowed  behind,  not  greatly 
elongated.     So  t«eth. 

Burrows  into  stonee  (a>  at 
the  famous  Temple  of  Sen^is^ 
corals,  &a.,  forming  crypts 
which  yield  olub-shaped  casta 
(Beep.a3i> 

Carboniferout  to  Raeeni, 


Hlppopodiom  (fig.  86).— Shell 
very  thick  and  massive ;  form 
some  what  like  Uodiola.  Lnnnle 
present.  Coarsely  and  concen- 
trically farrowed.  One  thick 
obliqne  cardinal  tooth  in  each 
valve.     The  muscular  impressions  oause  the  genus  to  be  here 

eaced  with  the  Heteromyaria ;  but  S.  P.  Woodward  regarded 
ippopodiom  as  "a  ponderoas  form  of  Oypricardia  or  Cardita." 
Lieu. 


F.  HovoHTABUH  Abiphomats  fokvb  (Ixteosifalliati), 

The  shell  is  closed  in  the  adtilt  hj  one  adductor  muscle,  which 
leares  a  nesrly  central  impression,  placed  rather  toirards  the 
posterior  side.  It  is  always  the  anterior  muscle  that  has  dis- 
•Lppeared.  Except  where  specially  mentioned,  the  members  of 
thu  aub-group  are  toothless  in  tbe  adult  condition.  Shell  often 
inequivalve,  and  commonly  attached  by  one  or  other  Talre. 
Hence,  when  loosened,  the  lower  valve  may  reveal  an  outer 
•car  of  very  various  form,  sometimes  representinf[,  as  an 
external  moold,  another  shell  on  which  the  young  aniraal  had 
become  fixed.  Occasionally  in  the  Ostreidta  the  young  shell  lies 
on  some  surface  with  prominent  markings,  such  as  that  of 
Trigonia  or  Cidaris,  and  both  valves  become  folded  to  suit  the 
curves  of  the  support.  As  growth  proceeds,  the  nacreous  layer 
is  constantly  being  added  to  within,  while  the  shell  ia  also 
spreading  at  the  margins  ;  thus  the  original  portions  bearing  the 
impress  of  the  support  become  separated  by  new  material,  and 
form  strangely  marked  umbos  to  the  shell.  The  impressions  are 
thus  convex  on  the  upper  valve,  concave  on  the  lower ;  whilo 
within  no  trace  of  them  is  to  be  seen. 

Ostrea  (fig.  87).— Attached  by  left  valve.  Shell  rather  inequi- 
Talve,  composed  of  foliaceons  layers ;  often  thick,  especially 
near  the  umbos.  Form  rather  flat,  lower  valve  more  convex. 
Trregularly  rounded  at  ventral  margin,  more  acute  at  dorsal,  the 
umboa  being  nearly  central  on  the  binge-line.      Umbo  of  left 


Fig.  m.—Ourea  o^nM  (PortlandUn). 
Showing  thiclieaod  dbaraotsr  of  thaBheU 
and  the  lingle  miuODlftr  imprcsnon. 

(lower)  valve  more  prominent  than  that  of  right,  Concentricallv 
martced,  with  sometimes  broad  irregular  radial  foldings.  A  well- 
marked  triangular  cartilage-pit  occurs  below  the  umbo.  Shell 
composed  of  oalcite  (Soriy). 

Triaa  to  Recent.     Doubtfully  Carhonifiroua. 

Alectryonia  (fig.  88). — A  genus  cat  off  from  Ostrea  to  include 
fi>nDB  with  bold  angular  ribs  and  fiirrowB  in  both  valves,  thv 
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mfti^ni  becoming  coasequentlj  ocntely  folded,  &nd  the  apace 
occupied  by  the  animal  being  much  restricted  in  volame. 

Trial  to  Recent ;  especially  Crotaceotu. 

Qryphna. — Free,  or  attached  only  by  umbo  of  left  valve.  Shell 
inequivalre,  thick,  oyster-like.  Nearly  equilateral.  Left  valve 
strongly  convex,  with  umbo  bent  over  and  inwards ;  right  valve 
smaller,  flatter,  or  even  concave,  and  aometimea  reduced  to  the 
appearance  of  an  operculum.  The  form  of  the  ahell  varies  consider- 
ably, being,  like  Ostrea,  aometimes  expanded  and  approaching 
circular,  sometimes  much  narrowed.     Cisncentrically  marked. 

Liat  to  Recent ;  especially  Juraeeie  to  Lower  Cretacetma. 

Exogyra  (fig.    89).— Much    like   Gn'pbea,   but    both   nmbos 
twisted  backwards  almoat  spirally.     Pixed  by  left  valve,  whioh 
is  the  larger. 
Jwnmc  to  CrOaeKUt. 


Hg.  8tk— ifeopyra  tinvata  (L.  Cretaoeoiu).    SfaowlBg  twlitbg  «l 
thenmboi. 

Uma.  —  Free,  or  attached  only  by 
byasns.  Shell  thin,  equivalve ;  obliquely 
oval,  slightly  convex,  gaping  at  anterior 
border.  TTmhos  somewhat  acnte,  ap 
proaching  a  central  position,  and  separ- 
ated from  one  another  by  a  space  in  ""V\ 
vhich  a  groove  occurs  for  the  ligament,     ,:.  «,     Hi,.™„«  tj-. 

(fig.  90).     Short  straight  hinge-line,  with  "-iJ^F". 

ft  small  ear  on  each  side  of  umbos. 
Slie  following  have  been  divided  off  as  sub^^era :— . 

Google 
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Badnla. — Strong  smooth  rsdial  riba,  witli  Bome  concentric 
markiDga.     Small  bjuol  claft  under  anterior  ears. 

PlagiostoBia. — Smootb,  or  with  very  slight  radi&l  markings. 

Ctenostreon. — A  coarse  form  with  strong  irregnlarl^  moolded 
radi&l  ribs,  and  a  distiact  anterior  opening  for  the  bvssua. 

Lima  is  &n  important  genoH,  ranging  from  Carboni/arovt  to 
SwenL 

Fecten  (fig  91). — Free,  or  attached  only  by  bysans.  Shell 
Almost  equilateral,  slightly  ineqnivalTe,  tha  right  valve  being 


—Jatdra  qtungniwlata 
(Cenonuuiuui), 
■hawing  the  bytnl  notch. 

the  more  convex ;  form  almost  semicircular  ventrally,  the  border 
becoming  straighter  towards  the  pointed  nmbos.  Distinct  ears 
on  each  aide  of  nmboa,  the  anterior  being  oft«ii  the  lander. 
Anterior  ear  of  right  v^ve  sometimes  deeply  notched  back  for 
the  exit  of  the  byssus,  as  in  the  important  sub-genus  Chlamya. 
Badially  ribbed,  sometimes  very  delicately ;  but  commonly  on  a 
bold  but  regular  scaJe.  A  triangular  cartiUge-pit  appears  inter- 
nally under  each  umbo. 

The  external  shell-layer  exhibits  the  prismatic  structure  with 
marked  distinctness.     Both  layers  are  calcite  (Sorby). 

An  abundant  and  important  genus.     Devonxan  to  BeatnL 

Janira  (fig.  93). — Inequivalve,  the  left  valve  fiat  or  concave. 
Both  valves  with  well  marked  ears,  and  ornamented  with  starong 
Tadial  ribs. 

Inner  shell-layer  often  lost  {ZiUtl)  and  probably  aragonite. 

Crelaeeout  to  Reeettt,  particularly  the  former. 

Avlcalopecten.  —  Ally  of  Peoten,  but  more  inequilateraL 
Anterior  ear  small,  posterior  lai^er  and  lm>ader.  Badially 
itriated.  Cartilage  in  several  grooves,  which  are  fiurly  parallel 
to  the  hinge-line. 

Dnonian  to  Pfrmiaa. 
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Tke  next  two  gmura)  although  monom^ariui,  posaeM  hinge- 
teeth. 

FllCfttab  (fig,  93).~-AttBohed  bj  Umbo  of  right  v&lve.     Form 
tnaoh  like  Oatrea.     Umbos   ntber  «cate^   bat  not  prominentk 
.   Goncentricallf  marked,  and  aome- 
times  radially  folded.    Two  diver- 
geiit  oardinal  teeth  in  each  valve, 
vith  &  cartilage-pit  between  them. 

Triaa    to    SeeenL      Eapaciallj 
•Tttnumc  aiid  Louxr  Oretaeeotti, 

Spondylne. — ^Attaohed  by  right 
valve,  not  merely  by  the  nmba 
Form  fairly  regular,  ronnded 
ventrally,  more  acute  dorsally, 
And  almoet  equilateral  Umbos 
separated  somewhat,  with  a  small  »  .,  _ 
ear  on  either  aide.  Right  (lower)  ihoiring  t 
valve  with  a  triaagular  spaee  Iige-pit. 
between  the  umbo  and  hinge-line, 

in  which  is  a  central  groove  which  partly  reoeives  the  cartilage. 
Radially  ribbed  ;  right  valve  aometimes  with  long  spines.  Two 
curved  cardinal  teeth  in  each  valve,  with  the  cartilage-pit  between 

The  inner  shell-Uyer  is  formed  of  aragonlte,  and  is  thwe£n« 
easily  destroyed  and  seldom  found. 

Jiuvuie  to  Baomt.    Abundant  at  the  present  day. 


OHAPTEE  ZXV. 

FOaSIL     aKHBBIO     TYPES. 

VIIL  Scaphopoda. 

TFhi  animals  of  this  division  are  Marine,  and  are  sometimes 
regarded  as  the  lowest  of  the  gastropods.  The  shell  is  tubular, 
and  has  of^n  been  mistaken  for  the  ^careous  case  of  a  worm. 

Bantalituo. — Shell  of  varying  sise ;  tubular,  slightly  curved, 
and  tApeiing  &om  the  wider  anterior  to  the  narrower  posterior 
end.  It  thus  resembles  an  elephant's  tusk  in  form,  but  is  open 
at  both  ends.  Surface  sometimes  smooth,  sometimes  longi- 
tudinally striated. 

Onionoian  to  Bacmt.    Blspeoiall;  Cainomic. 
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IX.  Qastropodft. 


These  inolnde  the  typical  aniTalTea.      The  shell  is  Bpintlly 
ooiled,  except  in  saoh  simple  types 
Of  Ml  the  Limpet,  and  the  terms  used  ia   . 

deacribing  it  are  as  follows  : — 

jSpin. — The   ooiled  portion  of  the 
dieU  above  the  terminal  and  youngest  • 
whorL 

Whorl. — A  single  revolution  of  tbe 
■pinU  coil  of  the  shell. 
0}  Saivra. — The  line  of  jonction  of 
■nocessive  whorls,  as  seen  on  the 
surface  of  the  shell;  commonly  marked 
by  a  groove. 

Umbilictu. — The  hollow  sometimes 
left  in  the  centre  of  the  shell  wbea 
the  whorls  do  not  touch  one  another 
intemally.  This  separation  some- 
times  occurs  only  in  the  last  whorL 
Colvmdla. — The  solid  uds  com- 
monly formed  where  the  whorls  come 
in  contact  in  l^o  central  line  of  the 
spire.  This  columella  is  often  set 
with  one  or  more  lidges,  winding 
spirally  up  it 

Aptx. — The  point  from  which  the 

spire  commenced  its  growth.     In  the 

old  age  of  some  gastropods  partitions 

Big.  H— Oaatropod  (JSmiw).     are  formed  within  the  shell  below  the 

a.  Apex.      0.1!,    Anterior    apex,  and  the  earliest  part  of  the 

oZ    Lip'%,%i     |Tir.iln.ll7br»k.™y.     Th.  lidl 

nt,  Sntnre.  becomes  thus  imperfect^  and  is  said 

to  be  detsoUated. 
The  apex  forms  the  posterior  and  of  the  shell,  the  month  the 
Antortor. 

Mottth. — The  terminal  opening,  sometimes  very  broad,  some- 
times even  slit-like.  It  ia  entire  when  in  no  way  notched  or 
prolonged  into  canals. 

GanaU. — Tubular  folds  of  the  shell  at  the  mouth,  often  open 

alon^  their  under  side.     An  cmUrior  canai  may  occur,  running 

.'  oat  in  firont^  and  a  potierior,  directed  up  the  outside  of  the  spire, 

BoiodomatoK*  a/mt  have  the  mouth  entiiw  (fig.  101);  S^Jimfi- 
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ttomatout  ihdU  poBaeaa  an  anterior  canal  The  animals  of  the 
latter  dirision  ore,  at  the  present  day,  almost  all  caraivorons. 

Inner  Lip. — The  margin  of  the  month  neareat  to  the  axis  of 
the  spire. 

Oat«r  lAp. — The  margin  of  the  month  away  from  the  axia  of 
the  Bpire.  Thia  margin  is  sometimes  thin,  aometimes  thickened, 
sometimes  prolonged  into  spines,  the  latter  being  in  reality 
tabular  folds  resembling  the  canals. 

Yaruxe — Hidges  or  spinose  bands  ranning  from  the  apex  at 
intervals  down  the  shell,  and  representing  those  Bt^;ea  in  the 
growth  of  the  spire  when  spines  or  thickenings  of  the  outer  Up 
took  place  (fig.  96). 

OperevJ.'wn. — A  horny  or  calcareous  plate  borne  by  the  posterior 
part  of  the  foot  of  the  animal  in  some  genera,  and  serving  to 
olose  the  month  of  the  shell  when  the  animal  retracts  itself. 

The  spire  is  typically  so  coiled  that,  when  the  apex  is  placed 
above,  and  the  mouth  below  and  facing  the  observer,  the  mouth 
lies  to  the  right  of  the  axis.  Suoh  shells  are  right-hand^  Left- 
handed  aheUa,  however,  occur  at  times,  in  which  the  spire  ie 
coiled  in  the  opposite  direction. 

The  representation  of  gastropod  shells  in  drawings  with  either 
the  apex  or  the  month  upwards  mnst  be  a  matter  of  inditference, 
the  best  nomenclature  of  the  extremities  of  the  shell  being,  as 
already  stated,  "anterior"  and  "posterior,"  not  "lower"  and 
"  upper." 

Several  terms  have  been  used  to  describe  the  form  of  the  shell 
ftS  a  whole.     The  following  may  require  explanation : — 

TurHjMte. — Shell  rather  broadly  conical  as  regards  the  spire, 
and  approaching  hemispherical  below  (fig.  103). 

Tv/rreted. — Shell  with  an  elongated  spire,  and  not  much  pro* 
longed  anteriorly  (fig.  100). 

Spindl«-»haped.—^)if)\\  with  the  anterior  end  also  prodnoed 
and  narrowed,  so  that  the  stoutest  region  lies  between  two  taper- 
ing portions  (fig,  94). 

The  shell-sQl»taiice  in  most  gastropoda  consists  of  three  layers, 
as  can  be  seen  with  a  lens  when  the  shell  of  modem  examples 
has  been  out  across.  In  life,  it  is  covered  in  very  many  genera 
by  a  skin,  or  "  periostracum."  The  shell  is  formed  of  calcareous 
prisms  as  in  the  lamellibranoha,  these  prisms  being  grouped  to 
form  lamellK  which  are  arranged  in  the  central  layer  differently 
from  those  of  the  outer  and  inner  layers.  See  Zi  ttel,  PalaonXologie, 
Bd.  ii.,  p.  168;  Cambridge  Nat.  HitL,  JfoOutee,  p.  266. 

The  material  is  aragonite,  and  hence  gastropods  an  often 
represented  in  fossil  deposits  only  by  oasts.  Some  few  spedea 
(fer  the  character  is  not  even  generic)  have  an  outer  layer  oom- 
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poaed  of  calcite.  Mr.  F.  R  Kendal!  regarda  the  shell  of  ScftUiift 
SB  calcnte ;  and  he  remarkfl  that  the  first  two  whorls  in  those 
species  of  Fusns  which  possess  a  calcite  layer  consist  entirely  of 
aragonite.* 

Tho  gastropoda  mostly  inhabit  the  sea.  The  fresh-water 
genera  will  be  specially  indicated.  The  divisioa  of  the  Pnl- 
monata  contains  several  genera  that  live  entirely  on  land. 

With  the  exception  of  the  Pulmonata,  all  the  gastropod 
genera,  the  shells  of  which  are  here  disonssed,  belong  to  the 
order  Froaobranchiata,  or,  in  defiialt  of  complete  evidence,  are 
placed  in  that  order  on  account  of  the  resemblance  of  their  hard 
parts  to  those  of  living  forma.  The  division  of  the  members  of 
this  order  into  Holostomata  and  Siphonostomata,  according  to 
the  cbaracter  of  the  mouths  of  their  shells,  has  proved  unsatis- 
factory,, since  it  separatea  forma  otherwise  cloeely  allied.  The 
genera  are  here  taken  practically  in  the  order  adopted  by  Fischer, 
a  group  of  allied  shells  being  occasionally  marked  out  by 
indusion  between  two  black  lines. 

A.  Pbosobraitcbiata. 

The  animal  has  its  bran(diiK  placed  anteriorly  to  the  heart. 

Conns. — Spire  short;  last  whorl  large  and  narrowing  anteriorly, 
BO  that  the  shell,  with  its  apex  upwards,  resembles  a  short  cone 
set  on  a  steep  inverted  one.  Mouth  slit-like  and  long,  with  a 
slight  anterior  fold.  Outer  lip  sharp,  and  notched  back  near  the 
suture.  Oolumella  smooth.  Sur&ce  commonly  smooth,  with 
mere  growth-lines.  8.  F.  Woodward  quotes  ComtM  monilia 
with  a  specific  gravity  of  2-910  (hence  aragonite),  and  the  fossil 
Coniu  pondero»u»  of  the  Miocene  as  2-713^  Some  species  niay» 
therefore,  contain  a  thick  calcite  layer. 

Upper  Cretaetmu  to  Recent.     Abundant  at  the  present  day. 

Plentofamia  (fig.  95). — This  genus  has  been  greatly  subdivided. 
Shell  spindle-shaped ;  spire  rather  longer  than  the  last  whorl, 
and  generally  weJl  indented  at  the  autnre.  Mouth  long,  with 
anterior  canaL  Outer  lip  with  a  marked  notch  near  the  anture, 
which  leaves  a  band  on  the  shell  as  it  closes  over  daring  growth. 
If  the  lip  in  a  fossil  form  is  broken  away,  the  growth-lines  may 
•till  indiokte  its  backward  curve.  CofnmeUa  smooth  or  with 
one  or  two  ridges.  Bor&ce  commonly  ribbed  vertically  or 
lioris(»italIy,  oftmi  with  little  spirally  arranged  knots. 

•"iniMitsahdlaiiithaConUliMCiag.-    0w{.  Jfoff.,  ISO, [h  4W. 
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Crttaeeoiu  to  Seeent. 

Tolnta  (fig.  96).  —  This  lume  also  covers  nuuiy  aub^uer^ 
Shell  thick.  Shape  somewlutt  like  Ooniu,  but  more  nodose  and 
irregular.    Spire  fiurl;  short;  last  whorl  large.     Mouth  long* 


Fig.  99.  Kg.  96. 

Pfeurofomarotd^afPort-  Fc^uta  aMela  (Barton  BedR). 

Plioceae).       Showing  Showing  knota  and  Tnriocs; 

ths  notched  outer  Up.  >]«o  foloB  on  tha  oolnmdla. 

-with  slight  anterior  fold.  Outer  Up  fairly  thick.  Columella 
and  inner  lip  with  several  ridges.  Sur&ce  often  marked  with 
prominent  short  spinose  outgrowths,  and  sometimes  with  corre- 
sponding varices. 

Upper  Cretaceous  to  KectnL     Especially  Hoctne, 

Faans  (fig.  94). — Shell  thick.  Spindle-shaped  to  ovoid,  typically 
the  former.  Spire  fairly  long.  Mouth  oval,  with  long  straight 
anterior  canal,  and  no  poBterior  notch.    Columella  smooth. 

The  shell  of  some  late  Gainozoic  species  has  an  outer  calcite 
layer  {Kendall). 

The  sub-genus  Clarella  has  its  month  sharply  narrowed  to 
form  the  canal,  not  tapering  down  as  in  Fusus  proper. 

Jurastic  to  Recent.  Most  abundant  in  earlier  CoinosoK.  Glavella  ■ 
is  Cainonoic,  especially  Eocene. 

Bnccinum  (the  Whelk ;  fig.  97).— Shell  fairly  ovoid,  with  few 
whorls,  the  last  being  large.  Spire,  however,  prominent.  Month 
oval,  with  a  broad  shallow  anterior  fold  represenlong  the  canal. 
Inner  lip  smooth.  Sar&ce  generally  marked  with  vertical  and 
spiral  ridges. 

Pliocent  to  ReeenL 

Nassa. — Like   Bnccinum,   but  canal-fold  more  marked  and 
slightly  oblique.     Outer   lip   marked   with  fine  ribs  running 
inwards. 
.  Upper  Cretaeeotu  to  Seoemi,    Eipaciaily  later  Cmnmoia. 
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Manx. — Shell  thick,  ovoid  to  ■piii(U»«luiped  j  vhorhi  wtronglj 
«ODT«x.  Mouth  rounded,  but  prolonged  into  b  well-marked  uid 
oometimei  long  anterior  canal,  the  eidea  of  which  fold  over  m  u  to 
make  it  almoat  tabular.  Outer  lip  thick,  and  >ometimes  ribbed. 
8nr&ee  set  with  three  or  more  strong  TuioaB,  which  ai«  often  re- 
markably knotty  or  apinoae.   Outer  lajer  of  ahwll  tu\mtm  (ITiniiaH) 

Upper  Cretaoeout  to  Jiaemt 


Kg.  88.— Keui»r«s<»etiiom 
(FliQceiia). 

TrophoiL— Ally  of  Mnrex.  Spindle-Bhaped.  Canal  wider  and 
bent  on  one  side.    Yarices  not  set  with  knots. 

Pliowna  to  Recent. 

PnrpQra. — Shell  thick,  ovoid.  Spire  rather  ahort.  Month 
oval,  with  a  canal-fold  scaroelr  more  marked  than  that  of 
Bnccinnm.  Inner  lip  flattened  down  and  smooth.  Oater  layer 
of  ihell  oaloite  {Sorhy): 

Mioetna  to  Secent, 

Cauidaria. — Shell  thick  and  ovoid.    Spire  short;  last  whorl 
large  and  strongly  convex.     Mouth  elongated  oval,  with  a  well- 
marked  broad  and  obliquely  bent  canal.     Outer  lip  expanded ; 
inner  lip  often  ridged.     Surboe  vorionsly  marked. 
IT.  Cretaceout  to  Rtcmt. 

nook  (Fymla  in  part  j  fig.  98). — Shell  thin,  ovoid,  narrowed 
anteriorly.  Spire  very  short,  last  whorl  very  large.  Mouth 
large,  and  piolonged  into  a  broad  open  anterior  canal. 

Zouer  Cretaoaotta  to  CMTWXoio,-  especially  later  Cainonoie,  but 
not  abundant. 


BoitallaritL — Spindle^haped ;  spire  long,  commonly  without 
much  indentation  at  the  lutora  Mouth  long,  with  a  somewhat 
tubular  elongated  anterior  canal,  and  a  posterior  groove-like 
canal  running  towards  the  apex  of  the  spire.  Oater  lip  rather 
broadly  expanded  and  sometimea  notched  on  edge. 

Cioogic 
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In  ths  lalygeniu  Hlppoolmnea  (fig.  99)  the  ihell  it  genenllf 
smooth.  The  posterior  prolongation  of  the  month  miiB  up 
to  the  apex  of  ^e  spire,  ftnd  the  outer  lip  ie  not  serrated,  except 
by  the  oooorrence  of  a.  small  anterior  notch.  In  the  snb-gQnna 
Kmellk  the  aarToce  is  striated  The  posterior  groove  is  shorter, 
and  the  onter  lip  is  thiokened  and  sometimes  serrated. 

Cretaotowt  to  Seoent.     Compare  next  two  genera. 

Alaria. — Genersl  ootline  spindle«haped ;  spire  birty  long. 
Month  elongated,  with  irell-marked  anterior,  but  no  posterior 
cuiaL  Outer  lip  muoh  expanded,  (uid  prolonged  into  finger-like 
OMuUs.     Surface  often  set  with  varices  and  knohs. 

This  genus  is  varioosly  limited  by  diff'erent  authors,  and  some 
of  its  species  are  oflen  carried  over  into  Aporrhais. 

Juraaaio  to  Crttaeeout. 

AponhtdB  (Chenopus). — Distinguished  from  Alorla  by  the 
prolongation  of  the  mouth  posteriorly  as  a  groove-like  omuI 


Via  plhxUumiltitb 

hand    figure)   and   Cerithium 
detl'ana[HuiiBteadBad«).  Show- 


Ftg.  99. — Sostdlaria  (ffippo^rmti)  ing  the  thort  obliqae  uitarior 

ampla  (London  Claj).                        cuuL 
part  way  up  the  spire.     The  anterior  canal  is  shorter  than  is 
common  in  Alaria,  and  there  is  a  shallow  fold  in  the  outer  lip 
near  it      From  Bostellaria  it  is  distinguished  by  the  prominent 
finger-like  prooesees  of  the  onter  lip. 
LtM  to  Jteeent.  
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Ceiithlum  (fig.  100). — A  very  typical  tnireted  shell,  the  spire 
being  elongated  and  conical,  and  the  last  whorl  being  in  no  way 
dupiopottionate  in  balk.  Month  oval,  obliquely  sloped  towards 
ft  well-marked  and  short  anterior  canal,  which  ia  somewhat  bent 
aside  and  backwards.  The  mouth  is  often  narrowed  posteriorly 
BO  as  to  terminate  in  an  acnte  angle.  Snriaoe  often  set  with  knote. 
avitu  to  Recent.     Especially  Caiwixoic. 

Potamides. — Olose  ally  of  Oerithium,  with  straigHter  canal, 
which  is  commonly  not  so  well  marked.  BraoUsh  and  freBb- 
water.  Diffionlt  to  mark  off  from  Cerithinm  except  in  it«  actual 
habitat.  In  life,  Oeritiiium  haa  no  periostrooum,  while  Fotomides 
has  a  thick  one. 
Boeana  to  Bec»nt. 

Helania. — Much  like  CeriUiinm,  but  holostomatous.    Form  at 
times  nearly  ovoid.     Apex  sometimea  worn  away  dazing  lifo 
(decollated).     Fresh-water. 
WtaldenUlIUemL 

Melanopsia. — Oroid  rather  than  tarreted,  with  short  spire. 
Month  with  anterior  notch  or  small  canal,  and  a  more  or  less 
marked  grooTO-like  posterior  prolongation.     Inner  lip  thickened. 
Apex  sometimes  decollated.     Fresh- water, 
Cretactousio  ReeetU. 

Tnnltella  (fig.  101). — Shell  as  typically  turreted  as  Cerithinm. 
Spire  long,  oflen  only  slightly  indented  at 
the  suture ;  at  other  times  with  convex 
whorls.  Holostomatous;  mouth  oval  to 
round,  but  sometimes  narrowed  anteriorly. 
Outer  lip  thin.  Surface  marked  with 
spiral  ribs  or  strira,  there  being  a  striking 
absence  of  the  knots  and  vertical  ribs  SO 
common  in  Oerithium  and  Melania. 

Jw€Utie   to  Bteent,  bat    conspicnonsly 
Cainozoie. 

PBeadomelania  (Chemiiitzla  in  part).^ 
Turreted ;  commonly  large.  Little  in- 
dented at  the  sutore^  and  hence  fairly 
oooical.  Mouth  oval,  without  canal ; 
wider  in  front  aad  narrowed  behind.  Sa)^ 
&oe  commonly  marked  by  fine  growth-lines. 
Trim  to  Miocene. 

Bonrgnetia.— Shell  large,  turreted,  and 
elongated.      Whorls    distinctly    convex; 


ng.  101. 


longitndinallT  striated;  last  whorl  largo. 
Month  round  in  &oat  and  narrowea  bdiiacL 
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Jwraine.     Perhaps  Carhoniftrov. 

Merlnea   (fig.  103). — AU7  of  Ceritbiom.     Tnrreted;  1 
conical,  commonlT  vith  a  Bpiral  band-like  lidge  ftbove  the  nrtara. 
UoQtli    diamoTia-Bbaped  to  oval,   with  ' 

■hort  oblique  anterior  canal.  The  onter 
and  inner  lip,  as  veil  as  the  columella, 
havo  oommonly  one  or  more  ridge-like 
thickenings,  which  wind  up  inside  the 
shell,  so  that  sections  parallel  to  the  axis 
are  very  characteristic,  the  projection  of 
these  ridgea  into  the  cavity  leaving  only 
a  remarkably  constricted  space  for  the 
animal  In  some  species  (grouped  under 
snb-genera)  an  nmbilicaa  occurs  in  place 
of  the  oolnmella,  and   distinctions  are 

made  according  to  the  number  and  dis-  *'^"  J!?^;T- ,",.",-  m" 
tribution  of  the  thickenings  on  the  S^"lri3;' .^tol 
different  internal  surfaces  of  U»e  shell  to  jju,^'  Todnation  of 

Jwnutie  to  Cretaeeous.  the  tntenul  oarity. 


BlSBOa. — Always  small,  about  5  mm.  long.  Shell  thick;  rather 
broadly  conical ;  spire  fairly  long.  Mouth  oval,  rather  narrowed 
postenorly,  with  Sickened  outer  lip.  Sor&ce  often  vertically 
ribbed. 

The  animal  lives  mostly  near  shore. 

Jurattic  to  Seeent.     Especially  OaiTWXoic. 

Hydrobia. — 3mall,  and  much  like  Rissoa ;  typically  rather 
longer  in  the  spire.  Snr&ce  smooth.  Mostly  brackish  or  fireah- 
water. 

Jurassic  to  Seeent.     Especially  Oamoeoie. 

Falndina  (Vlnpaia)^— Shell  thin;  turbinate;  whorls  strongly 
oonvex.  Month  oval  to  almost  ciivnlar,  slightly  narrowed 
posteriorly.  Sometimes  an  umbilicus  is  present.  Sur&oe  smooth 
or  with  mere  growth-lines.     Fresh-water. 

Jv/rasne  to  £ec«n<. 

Hatica. — Shell  thick;  practically  globular,  the  spire  being  very 
short,  the  last  whorl  very  large  and  convex.  Mouth  semicircular 
((.a,  straight-sided  at  the  inner  lip  and  curved  along  the  onter) 
or  approaching  oval.  Outer  lip  sharp ;  inner  lip  thickened. 
ITinbilious  typiciJly  veil  marked,  but  in  some  species  absenfa. 
Sorfaoe  commonly  smooth.    Spiral  operonlnm. 
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Trias  to  Secent.  Borne  of  the  aulier  fonus  deeciibed  u  Natdoft 
belong  to  Natioopsia. 

Llttorlna  (the  Periwinkle). — Shell  thick,  almost  globular,  with 
tew  whorls,  the  last  being  large.  Month  roandra,  more  Mate 
posteriorly.  Oater  lip  sharp  at  the  edge ;  inner  lip  flattened  at 
the  columella.  8ur&oe  commonly  marked  with  growth-lines 
and  spiral  strita.  Outer  layer  composed  of  caloite  (Sorbjf).  The 
animal  inhabits  the  shore,  sometimes  forming  considerable  shell- 
banks. 

LtM  to  Jteeatt. 

Nerita. — Shell  thiok.  Spire  very  small ;  U«t  whorl  very  large, 
and  prolonged  out  rather  more  obliquely  than  in  Natica,  so  t^t 
the  total  efieot  is  not  so  globular.  Mouth  semicircular ;  outer 
lip  commonly  thickened  and  set  with  little  ridges  directed 
inwards;  inner  lip  generally  also  ridged.  Colamella  flatteaod. 
Suiiaoe  smooth,  or  spirally  ribbed. 

Idat  to  Seeent.  Mostly  Caittosioie,  The  Mesozoio  forms  hare 
the  typical  shape,  bat  moat  of  them  have  smooth  lips,  the  oater 
lip  being,  moreover,  sharp  in  many  examples. 

Meritina. — Olose  ally  of  24'erita,  the  shape  being  similar. 
Outer  Up  sharp,  not  thickened;  inner  lip  marked  by  ridges. 
Snr&oe  ornamented  with  coloaried  lines  and  spots,  which  are 
preserved  even  in  many  fossil  specimens.  Typically  &esh-water; 
sometimes  brack! ah. 

The  form  of  the  shell  and  its  mouth-cbaractera  will  not  serve 
to  distinguish  Iferitina  &om  some  of  the  early  Neritas,  which 
an,  however,  undoubtedly  marina. 

£ocene  to  Recent.     Perhaps  Metoxoie, 

NaticopslB. — Form  like  Natica,  but  expnnding  very  rapidly. 
No  umbilicus.  Mouth  approaching  ovaL  Operculum  convex 
outwardly,  and  not  spiral. 

Deoonitm  to  Triat. 

Torbo. — Form  typically  turbinate,  sometimes  approaching 
Littorina.  Mouth  round,  lips  not  meeting  to  form  a  oontinuons 
border,  part  of  the  mouth  being  bounded  merely  by  the  surface 
of  the  whorL  Sur&ce  of  shell  often  spirally  ribbed.  Operculum 
thickened  with  calcareous  deposit  till  it  becomes  outwardly 
almost  hemispherical,  the  massive  examples  from  large  living 
species  being  sometimes  used  as  ornamente.     See  Troohus. 

Ordoiiieian  ta  Jiaemi. 

TrochoB. — ^Allied  to  Turbo,  but  broadly  conical,  and  somewhat 
flattened  below.  Month  without  continuous  lips,  but  more 
angular  than  in  Turbo.  Operculum  homy  only.  The  genus 
hM  been  much  divided  into  sub-genera    Some  fossil  forms,  tba 
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operanla  being  Abient,  maj  posMbly  be  T«rerred  toTtu-bo;  bat 
the  difierence  of  outer  form  is  characteristic 

The  living  species  are  mostly  Bballow-water  forms. 

Goliandian  to  Recent. 

PhasianelK— Allj  of  Trochua.  Shell  like  a  rather  elongated 
Faludina;  often  fairly  large.  Mouth  oral;  enter  lip  thin.  Ssr- 
iacB  smooth. 

Cretaceous  to  EeeenL  Earlier  fonni  luve  now  been  referred  to 
Bourguetia. 

EaomphalaB. — Shell  fairly  large.  Almost  discoidal,  the  spire 
being  very  low.  Houth  more  or  less  polygonal,  with  a  slight 
notch  not  far  irom  the  suture.  Umbilicus  extremely  wide. 
The  earlier  part  of  the  shell  is  Bometimes  seen  in  sections  to  be 
«ut  off  by  partitions. 

Qotlam&tn  to  Carboi^fm'oua. 


Plearotomaiia. — Shell  like  Trochns,  hot  sometimeB  with  a  low 
epire.  Mouth  fairly  round;  outer  lip  with  a  deep  slit  in  it, 
which  runs  back  uong  tbo  whorl.  As  growth  proceeds,  this 
slit  is  closed  over,  and  leaves  a  band-like  mark  or  a  ridge 
running  spirally  round  the  shell  about  the  middle  of  the  whorL 
Umbilicus  sometimes  present.  Surface  of  shell  generally  hand- 
somely oroamented  with  spiral  ribs  and  knobs ;  but  no  trace  of 
these  appears  in  casts,  which  are  common  in  some  formations  and 
which  are  not  identifiable  with  certainty. 

Cambrian  to  RecenL  Abundant  in  earlier  Mesozoie;  very 
rare  at  present  day. 

UnrcniEonia. — Shell  turreted ;  slit  in  outer  lip,  as  in  Fleoro- 
tomaria,  and  similarly  closed  by  a  band  as  the  shell  grows. 
Surface  smooth,  or  with  loQgitudinal  ridges. 

Cambrian  to  Trial ;  especially  J)evonian  and  CaTbon}ferou$, 

Bellerophon. — Formerly  often  classed  els  a  Heteropod.  Shell 
vhaped  like  a  rather  open  Nautilus,  the  spired  character  l^pical 
of  the  gastropoda  being  waating.  Uouth  widely  expanded  and 
fiairly  circular,  the  shell  coiling  over  inwards  symmetrically  in 
the  centre  of  its  inner  lip.  Outer  lip  deeply  notched,  a  oorre- 
sponding  band  running  round  the  exterior  of  the  shell. 

The  ^ells  are  often  distorted  and  compressed  in  the  older 
formations,  and  the  expanded  character  of  the  mouth  becomes 
partly  lost.     Distingui^  carefully  &om  Cephalopoda. 

Cambrian  to  Permian. 


Qaltru  (Calyptraa  in  part). — Shell  rather  like  that  of  tha 


SARHOPODA.  3&3 

limpet  (Pfttella),  being  flatly  conicftl ;  bat  generallj  with  a  traoe 
of  spinu  winding  at  the  apex.  Below,  a  apirally  bent  plate, 
vbich  ia  free  anteriorly  and  ia  attached  along  ita  posterior  margin, 
crosses  what  would  otherwise  be  a  wide  unbroken  moath.  The 
under  side  of  the  apex  is  thus  partly  partitioned  oB,  In  Calyp- 
tnea  proper  this  plate  is  represented  by  a  q>oon-Bhaped  or  bent 
process  dependent  &om  below  the  apex. 
Oalems  ia  Upper  Gretaceoui  to  Seeent. 


Patella. — The  Limpet     Shell  like  a  flattiah  cone ;  month  oral ; 
apex  of  shell  nearly  oentral  abcre  it.     Snr&oe  naaally  radially 

Crtlaeeova  to  SaeenL 


B.  PCLHORATA. 

^e  animal  breathes  by  a  lung-sao  in  place  ctf  branchin.  The 
vonp  is  almost  entirely  fresh-water  or  terrestrial.  Delabeobe 
[Geol.  ObMTver,  2ad.  ed.,  p.  122J  gires  the  specific  gravity  of 
land-shellB  aa  2-82  to  2-tJ7.  The  materia  is  thna  probably 
aragonite. 

HeUz  (the  common  Snail ;  fig.  103).— Shell  varionsly  shaped, 
but  oommonly  rather  flatly  conical;  at  timea  approai^iing  dia- 
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OoidaL  Month  obliquely  semicircnlar  or  oval ;  enter  lip  aome- 
timea  slightly  expanded  and  thickened ;  inner  lip  repreeented, 
aa  in  Turbo,  partly  by  the  aurfiue  of  the  whorL  Sometimes, 
however,  a  calcarooas  thickening  occurs  in  the  position  of  the 
inner  lip  (flg.  103).  Bather  broad  umbilicus.  Sur&oe  commonly 
•mootb,  witti  mere  growth-lines.    TemitilaL 


Soomm  io  SaemO.  ^ecios  Tory  namarosB  st  Ae  Twcaeot 
tiiw,  Tiie  &ot  thsit  the  animal  lived  on  Und  atay  «ceoant  for 
ita  apparent  absoooe  in  earlier  periods,  Bnb-Mrial  dspositi  boiag 
ru-elv  prMOTTed, 

Bnnmns.— Elongated  ovoid,  or  tnmtod,  ofton  of  large  taae. 
Honth  oTol  not  oblique,  and  rather  long  froia  anterior  to  poatenar 
end.  Thickened  and  oontinooua  lips,  which  are  Bometimea  «x- 
panded.  No  umbilicus.  Suriooe  commonly  smooth,  or  o&lj 
aligh1^7  omameDted.     TerreBtiiAL     See  note  on  Helix. 

Upper  Gret(ueous  to  SecmL 


Ltaniuea. — Shell  particularly  thin  and  fr^e.  Elongated  oral, 
with  large  final  whorL  Mouth  large,  rounded  anteriorly,  elooj^ated 
from  front  to  back.  Lipa  thin  and  sharp.  Columella  twiBl«4 
obliquely.     Surface  smooth.     Fresh-water. 

furbeek  to  SeeetU.     Especially  Ccnnatoie. 

Planorbifl  (fig.  104). — Shell  delicate,  as  in  Limntea ;  various  in 
form,  but  typioally  discoidal,  the  spire  being  very  short,  and  iiio 
coils  almost  in  one  plane,  as  in  Euomphalus.  Mouth  BemioircuLar 
to  oval  Outer  lip  sharp ;  inner  lip  represented  by  the  gurfaoe 
ctfthewhorl.  Umbilicus  very  broad.  Surface  ocmmoaly  amootiv 
with  mere  growth-lines.     PrBBh-water. 

Junutio  to  Stceat,     Especially  Cat 


X  Pteropoda. 

While  the  email  and  commonly  conical  caloareoua  shells  of 
several  of  the  Theooeomata,  or  shell-bearing  Pteropods,  are  found 
in  Caiuozoic  deposits,  some  large  Paljeozoie  genera  ooeur,  which 
differ  widely  fe>m  the  modem  type.  Their  reference  to  the 
Pteropods  must  still  be  considered  provisional,  since,  in  the  lace 
of  Buou  strange  forms  as  Oalceola  among  the  Oorala  and  the 
Hippuritids  among  the  Lamellibranchs,  these  conical  and  soaie- 
timea  operciUate  ahella  may  belong  to  groups,  the  other  raembenf 
of  which  differ  from  them  in  external  aspeot.  Mr.  G.  F.  Matthew 
haa,  it  may  be  noted,  referred  Hyolithea  to  the  worms  (2V«ac 
S,  Soc.  Canada,  vol.  viL,  1901,  sect,  i,  p.  101). 

Hydlthes  (Thaoa). — Shell  small  or  large,  even  reaching  30  onw 
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in  lenffth.  Triangtilar  in  ero»«oti«n ;  straight,  tapering,  form- 
ing a  long  Bteep  pyramid  Apertare  »t  the  wider  end  of  the 
shell,  its  border  lying  obliquely  to  the  axis.  An  operoolum 
has  boon  observed  fitting  into  it  Commonly  marked  with 
obliqne  BtriB.  These  shells  are  often  crnshed  flat  m  early 
Palwozoic  abaleB,bntthe  long  pyramidal  form  remains  recognisablo. 

L.  Cambrian  to  Permian.     Almost  ail  are  early  Paheozoio. 

Conolaria, — Shaped  lite  a  straight  steep-sided  pyramid,  aa  m 
Theca,  and  similarly  variable  in  size.  Some  species  are  slightly 
carved  at  the  posterior  end.  Four-sidod,  giving  square,  or 
approximately  square,  otom  -  ae'otiona.  Each  side  bears  a 
shallow  longitudinal  furrow.  Commonly  marked  with  oblique 
striK. 

Septa  have  been  observed,  dividing  off  the  lower  part  of  the 
cavity. 

Cambrian  to  Liat.     Almost  all  are  early  Palaoioio. 

Tentacnlites. — Often  described  as  the  tube  of  an  annelid. 
lUther  small,  steeply  conical ;  circular  in  orosB-section.  Surface 
marked  with  ring-like  ridges,  which  lie  in  planes  perpendicular 
to  the  axis  of  the  s)  '11. 

Ordovieian  to  D'^jUtian. 


*^       ZI.  Cephalopoda. 
The  shell-bearP3  forms  of  these  highly  developed  molluscs. 


n  former  a   jB  &r  more  aumerons  than  at  the  present  day  ; 

and  the  speoiea  -.^  often  suiticiently  constant  and  widely  sprmd 
to  serve  in  marking  special  palieontologioal  zones.  At  the 
present  time  we  have  a  prevalence  of  one  great  dibranchiate  order 
(which  includes  the  ordinary  cuttle-fish,  Argonanta,  &c),  while- 
the  tetrabranchiate  type  (Nautilus)  is  decadent. 

We  most  leave  ibr  Zoologists  the  many  interesting  questions 
that  have  been  raised  in  the  last  few  years,  and  content  ourselves 
with  placing  the  common  fossil  remains  discuBsed  under  the 
broad  headings  Kantiloidea,  Ammonoidea,  and  Phragmophora, 
without  question  as  to  the  dibranchiate  or  tetrahraachiate 
obaraoter  of  the  animals  that  gave  rise  to  them. 

The  shells  are  somi^times  straight,  sometimes  coiled  over  at 
one  or  both  ends,  sometimes  closely  and  spirally  coiled  through- 
out; but,  with  very  few  exceptions,  the  coiling,  when  it  occurs, 
takes  place  in  one  plane,  so  that  the  distinction  between  these- 
shells  and  the  ordinary  gastropod  univalves  is  marked.  The 
regular  partitions  (septa),  by  whicb  tiie  oephalt^iod  ahell   i» 
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divided  internally,  form  another  veiy  distinctiTe  t^ncter.  The 
remaina  of  cephalopoda  may  oocaatonally  be  Teiy  balky,  and  are 
certainly  among  the  most  familiar  fossils. 

Terms  nsed  in  describing  the  hard  parts : — 

Tnvoluit  ihdL — The  shell  is  coiled,  bat  the  later  ooila  or  whorls 
OTorlap  and  conceal  the  earlier,  only  the  last,  in  many  cases, 
being  left  externally  visible  (fig.  109). 

Vmbilieated  »heU. — The  later  coils  touch  bat  do  not  conceal 
the  earlier,  a  more  or  less  wide  depression,  the  umbiUeKt,  occui^ 
ring  thus  on  each  side  of  the  shell  (fig.  108). 

Evolvie  ahtU. — The  coils  do  not  touch  one  another,  an  open 
spiral  beine  produced  (e.g.,  Criooeras). 

Ouior  tide. — The  convex  side  of  the  whorl  in  coiled  forms, 
often  called  ventral,  the  latter  being  a  term  upsaEe  to  nse  in  the 
absence  of  evidence  as  to  the  animal  itselfl 

KttL — A  rib  sometimes  found  running  along  the  enter  ride  of 
the  whorL 

Inner  nd«. — The  concave  side  of  the  vhorl  in  coiled  forma, 
often  called  dortal,  | 

PoHerior  end. — The  initial  end. 

Anterior  end. — The  end  where  the  aperti?^  i  ocean  from  which 
the  n-Tiiiinil  protruded.  * 

SiphuTide. — The  siphonitl  tube,  which  oo^fVned  the  siphon  of 
the  animal,  traversing  and  connecting  the  i\i^  ssaive  chambers  at 
the  sheU.  Its  walls  are  often  calcified,  and  i  an  be  well  seen  in 
aeotions  of  the  shell,  or  emei^inson  thesurfa'.     if  one  of  the  septa. 

Septa. — The  partitions  which  are  successK  .y  formed  as  the 
animal  grows,  cutting  off  the  earlier  part  of  tb^  shelL  They  are 
typically  concave  towards  the  aperture  of  the  s^ell,  bat  are  often 
greatly  folded,  particularly  towards  the  edgefl  y(fig.  114).  See 
Sttture-line  below.  \ 

Septal  Ifeelc.—'The  cup-like  or  funnel-like  fold  )pf  the  septntn 
where  the  sipbunde  passes  through  it.  Sometiraeta  the  apex  of 
this  fold  is  directed  anteriorly,  sometimes  posteriori^.  Shells  in 
which  it  is  anterior  are  Proaiphvnals  ;  those  in  which  ir.is  posterior 
are  Setrotiphonate.  (See  also  Eastman,  trans,  of  Z^tteL  1900, 
p.  542.)  \ 

Sutur«-line. — The  line  along  which  the  septnm  meeta^the  wall 
of  the  shell.  This  is  sometimes  very  sinuous,  and  may  be  well 
seen  on  slightly  worn  specimens  (fig.  108). 

Iiobe. — A  fold  of  the  suture-line  directed  posteriorly  (fig.  1071. 

Saddle. — A  fold  of  the  suture-line  directed  anteriorly  (fig.  107). 

InUneplal  Chan^>era. — The  interspaces  between  the  septa. 

Body-chamber, — The  final  cavity  which  was  occupied  by  the 
animal  at  the  time  of  its  disease. 
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MoulK — ^e  terminfil  aperture  of  the  shell.    This  ia  aometimeB 
constricted  (fig.  106)  sometimeB  fully  open,  aometimes  surroanded 
or  flanked  by  remarkable  expansions  of  the  aheli.     The  diotftnce 
from  the  outer  to  the  inner  border  of  the 
mouth  is  termed  ita  height. 

Aptychut. — A  calcareous  body  like  an 
operculum  (fig.  105),  formed  of  two  platee, 
which  resemble  in  ontline  the  Talres  of 
a  lamellibraoch.  These  plates  are  often 
found  detached;  but  during  the  life  of  the 
cephalopod  they  were  brought  together 
along  their  straight  edges  and  occupied  a 

position  near  the  mouth  of  the  shell,  pro-     Rfr  lOS.  — Aptyohna  of 
babl,  olomg  it   u  .■>  op.roulum.      I.        ^,^^1™?- (!p^ 
some  cases  the  two  plates  are  permanently         Jamssie),  Bfcwia. 
united  {Synaptyehus).      It  has  been  sug- 
gested that  those  forms  in  which  an  aptychus  is  unknown  may 
have  possessed  the  stmctnre  in  a  homy  condition. 

AnaptyiJtus. — A  body  resembling  the  aptychus,  but  formed  of 
one  plate  only  ;  found  as  thin  dark  lustrous  impressions ;  pro- 
bably a  homy  form  of  the  operculum. 

The  a  hell- substance  in  cephalopoda  is  aragonlte,  according  to 
both  Fuchs  and  Sorby,  Mr.  0.  A,  Sobwarz  (ffeot  Mag.,  1894, 
p.  457)  shows  that  fragments  of  Nautilqs  hare  a  specific  gravity 
of  3'68,  whence  he  infers  that  the  material  is  calcite.  But  a 
considerable  amount  of  organic  matter  is  set  free  when  such 
fragments  are  dissolved  in  acid,  and  is  perhaps  responsible  for 
the  low  figures  obtained  on  examining  modern  Nautili  Tha 
Ammonites,  in  their  present  condition,  consist  of  calcite,  as  also 
do  tbeir  aptychi  and  the  guards  of  Belemnites.  The  view  that 
the  original  material  of  Ammonites  was  aragonite  is  supported 
by  the  fact  that  whole  beds  of  aptychi  are  known  from  which 
the  Ammonites  have  been  dissolved  away.  An  aptychus  ii 
sometimes  found  tying  surrounded  by  a  mere  impression  of  the 
spiral  shell.  In  any  case,  it  is  probable  that  some  structural 
dtSerence  accounts  for  this  difierence  in  resisting  power. 

Tbe  ready  destruction  of  the  shell  causes  casts  of  cephalopoda 
to  be  very  oommon.  The  body-chamber,  and  many  or  all  of  the 
mterseptal  chambers,  maybecomeinfilledwith  crystalline  calcite; 
the  body-chamber  is,  however,  often  filled  up  with  mud.  When 
the  sbeU  decays,  the  casts  thus  formed  oi  tbe  successive  chambers 
generally  cohere,  and  the  form  of  the  shell  is  retained.  But 
sometimes  tbe  sutures  have  became  represented  only  by  curviDg 
inteispaces,  and  the  cast  is  divided  up  by  them  into  dotaohable 
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blocks.  The  extrema  foldiag  of  the  sutuiei  in  the  Ammonitea 
may  cause  these  sepacsta  casts  of  the  chambers  to  remain 
intertoched  with  one  tmotber  and  yet  to  possess  a  cartain  amount 
of  freedom,  so  that  they  can  ba  moved  about  on  one  another 
-when  taken  in  the  fingers. 

Ceph^oped  sheila  are  ccHuposed  of  two  layers,  the  outer  one 
more  opaque,  the  inner  lamellar,  thicker,  and  nacreous.  The 
septa  appeatr  to  consiat  only  of  the  oaoieoofi  layer. 

All  the  «phal<^K>da  are  Uarine. 


A.  2TAITTIL0UBA. 

By  analogy  irith  the  living  Pearly  Nautiltu,  the  animals  of  the 
genera  here  placed  are  believed  to  have  been  tetrabmnchi&te, 
(.0.,  to  have  possessed  fonr  branohira.  The  shell  is  not  (aa  in 
oome  dibranchiates)  included  in  the  body  of  the  animal  It  ia 
straight,  curved,  or  ootled,  with  a  mouth  of  various  form.  The 
septa  are,  in  typical  examples,  very  simply  curved,  concave 
towards  the  anterior  side  of  the  shell,  and  formiog  snture-lines 
with,  B,t  moat,  very  simple  lobes.  The  shell,  with  the  exception  of 
the  rare  genera  Bathmoceras  and  Kothoceras,  is  retrosipbonate ; 
and  the  siphuncle  stands  away  from  the  bounding  wall  of  the 
ahell,  piercing  the  septa  sometimes  in  their  centre. 

The  surface  of  the  sheTl  is  only  plainly  ornamented,  if  at  all. 

NantilDS.^^hell  coiled  in  one  |>Iane,  involute,  but  sometimes 
with  a  small  umbilicus.  Mouth  noi.  contracted,  commonly 
rather  high.  Body-chamber  large.  Suture-lines  forming  a 
simple  curve,  or  only  slightly  lobed.  Siphuncle  almost  central. 
Sui^oe  smooth;  very  rarely  with  grooves  or  ridges.  (Example; — 
iTaulibu  pompUius. ) 

Trias  to  Recent.  Nautilus  ia  thci  only  tetrabiauchiate  genus 
living  at  the  pi-esent  day. 

.yt>l<.— The  generic  name  "  Niudlna"  ii  now  reatrictad  m  above.  The 
older  iorma  are  widely  umbilicated,  and  have  often  a  perforatiou  at  the 
centre.    BaFFandeooeFSS  (OrdtnitcHin  and  QoBaadkm)  and  TFOCfaoUtM 

{OrdovidiBi)  ore  especially  intereating  early  repr«eantativea 

DlBCites. — Shell  laterally  compressed,  with  broad  shallow 
umbilicus,  all  the  whorls  being  exposed.  Small  perforation  at 
centre.  Whorls  four-sided  in  oross-seotion,  sometimes  with  a 
groove  on  outer  side.  Suture-line  forming  a  very  simple  curve. 
Surface  with  mere  transversa  growth-lines  or  delicate  longitudinal 
ribs.     (Example : — Diintet  compraatu.) 

Carboniferout. 


:ecb,  Google 


■  LitaitM. — Allj  of  Nsntilns,  brrt  eomnMnefiig  iritli  «  nnall 
tinibilicated  (or  even  erolute)  coil,  aod  then  continuing  ■»  • 
Mrkight  form,  oft^n  of  considerable  Isngtli.  Hoath  oftra  con- 
stricted, vith  a  deep  notch  on  the  outer  aid*.  SiphuBole  nmnr 
inner  side. 

Ordovieian  and  Ootlandum. 

Orthoceras. — Shell  atraight  like  a  long  eone;  commonly 
AirenlBr  in  crosa-aection.  Mouth  not  oontMcted.  Bodj-chamber 
bmg.  Septs  simplj  carved,  concave  forwards.  Snture-linea 
nnlobed,  or  at  most  with  very  feeble  foldingt.  Biphnncle  central, 
or  nearer  to  the  margin ;  simple  in  character,  bnt  sometimsa  ex- 
panded laterally  in  each  chamber.  Snrflwa  of  shell  saiooth,  or 
eiinply  ribbed. 

Cambrian  to  TrioM.     Moat  abundant  in  Ootlandtan. 

Actinooeraa. — Shell  at  times  very  large ;    often  referred  to 
OrthooeraB.     like  Orthoceraa ;  but  the  siphunde  (endosiphon) 
is  inclnded  in  another  mnch  larger  tube,  which  is  expanded 
between  the  septa,  forming  a  aeriee  of  oblate  spheroids,  and  at 
times  as  wide  as  half  the  shell.     Delicate  canals  radiate  from 
the  siphuncle  to  the  outer  tube,  and  open  into  the  interseptal 
obambers.     The  outer  tube  is  frequently  contracted  internally 
by  the  development  of  obstractions  of  calcareous  and  orgaaio 
material,  deposited  on  its  inner  wall ;  these  eventually  form,  an 
annular  thickening,  which   greatly  reduces  the  tube.      These 
additions  Bometimes  become  dissolved 
away  after  the  central  tube  has  been 
infilled  with  mud;  hence  the  primary 
wider   hollow    becomes   rostot«d,    but 
a  solid   rod-like   cast  mna   down  its 
centre. 

Cambrian  to  Carboiii/erout. 

GomphoceraB  (fig.  106).  —  Fear- 
shaped,  the  shell  having  a  straight  or 
nearly  straight  axis ;  it  oommences  as 
a  wide  cone,  and  finally  closes  over 
towards  the  mouth.  Mouth  much  con- 
stricted, forming  merely  a  T-shaped 
slit,  the  upright  line  of  which  ia  re- 
garded as  ventral,  the  cross-piece  being 
dorsal.  Septa  and  sutures  simply  con- 
cave. Siphuncle  as  in  Onhoceras, 
varying  in  position  in  different  forms, 
Surface  smooth,  or  only  finely  striated. 

(rouatidian.     Perhaps  CrtAwtcian;  the  fusiform  later  types  are 


360  OIPSALOFODA. 

IwoUUr  PotorioooTM.    (yoord,  Cataiofim  <^  FottU  C^lialopod*, 

pL  i  p.  316.) 

Poteilocerai. — Shell  unootb,  slightly  oorred,  inflated  in  tniddla 
portion,  and  then  again  contracted.  Month  elliptical,  not  oos- 
tracted.  Siphuncle  nearer  to  convex  side,  and  inflated  between 
the  septa.     Septa  oblique  to  axis  of  shell. 

Ordovieian  to  Carboni/eroiu. 

CjrtoceraB. — Shell  like  a  curved  and  rather  rapidly  expanding 
Orthooeras.  Oross-sectioa  generally  oraL  Moutn  nnconstrictecL 
Septa  and  aatare-lines  simply  concave.  Siphuncle  as  in  Ortho- 
oeras, bat  almost  always  near  the  convex  side.  Snr&oe  smootk 
in  ordinary  species,  or  only  lightly  striated. 

Camlrrian  to  Permian.     Especially  Ootiandian. 

Fhragmoceras. — Many  of  the  species  placed  under  this  genua 
bave  been  transferred  to  Gorophoceras,  Foterioceras,  &c.  Phrag- 
moceraa  proper  is  distinguished  from  Qomphoceras  by  the  curved 
■hell,  which  at  times  even  shows  a  trace  of  evolnte  coiling ;  and 
from  Gyrtooenu  by  the  constricted  and  T-sbaped  mouth. 

OTd(wician  and  Gotiandian. 


R  Amhonoi&u. 

The  members  of  this  group  have  often  been  closely  oonneoted 
vith  the  Nautiloidea  under  the  title  of  Tetrabranchiata.  How- 
ever, from  the  globular,  and  not  conical,  form  of  the  initial 
<^iamber  of  the  Ammonites  (which  resembles  the  first  stage  of  the 
chambered  body  in  Belemnites,  Spinila,  &c.)  some  zoologists 
plaoe  them  nnhesitatinglj  as  dibranchiates.  The  group  is  almost 
wholly  Mesocoic. 

Exceptions  to  the  typical  mode  of  coiling  of  the  shell  are 
probably  rarer  among  Uie  Ammonoidea  than  among  the  Nanti- 
'  loidea.  Straight  or  evolute  torreted  forms  come  in  most 
numerously  in  the  later  Mesozoic  deposits.  The  margin  about 
the  month  difiers  from  that  of  the  Nautiloidea  in  very  often 
bearing  a  broad  or  spine-like  prolongation  on  the  convex  side, 
and  sometimes  ear-like  processes  on  its  lateral  margins.  No 
such  remarkable  constriction  of  the  mouth  occurs,  however,  as 
in  Qomphoceras  and  its  allies,  the  exmnded  processes  in  the 
Ammonites  pointing  fairly  forwards.  The  body-chamber  is  on 
the  whole  larger  than  in  the  Kautiloidea;  but  it  must  be  borne 
in  mind  that  this  final  portion  and  the  mouth  of  the  shell,  being 
nnsupported  by  septa,  are  comparatively  rarely  preserved. 

The  suture-lines  are   typically  more  complex  than  in  tha 
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NftntUoideaL,  uui  the  Amount  of  folding  inomaea  from  the  first 
■ep^Tim  to  the  later  oaee.  Oonslderable  Btt«ation  baa  been  paid 
to  the  form  of  the  luture-linea,  and  their  common  coarse  ii  as 
follows  (fig.  107) ;— A  lobe,  the  ExUrnal  ttAe  (or  "ventral  lobe"), 
oocan  on  the  convex  side  of  the  shell,  and  ia  aometimea  divided 
into  two  hj  a  small  saddle  (fig.  113).  On  either  side  of  this  lobe 
oomes  a  saddle  (the  SxterTutl  laddie);  then  a  lobe  (the^raf  latvral 
lobe);  then  the  Jirtt  lateral  middle,  the 
weeond  lateral  lobe,  the  tecond  lateral 
taddle,  and  perhaps  still  further  lobes  and 
saddles,  which  are  staled  auxiliary.  On 
the  concave  side  of  the  whorl,  where  the 
two  halves  of  the  suture-line  again  meet, 
there  occurs  an  anpaired  Internal  lobe. 
The  lost  anxiliai^  saddle,  occurring  just 
above  this  lobe,  is  sometimes  called  the 
Intental  toddle. 

The  siphoncle  of  the  ammonoids,  with 
the  exception  of  the  one  ^enus  Clymenia, 
rans  along  the  convex  side  of  the  shelL 
The  group  of  the  Ammonites  is  prosi- 
phonate.* 

The  surface  of  the  shell  is  often,  and  ^'f;^?^;::^"^;^^ 
particularly  in  the  later  types,  highly  °"  m""wi  -  "■-"»- 
ornamented  with  ribs  nnd  knots,  which 
are  independent  of  the  snture-lines  (figs. 
113  and  114),  the  latter  being  visible  only 
upon  worn  apecimena  and  casts.  At 
times,  as  in  Gault  specimens  from  many 
localities,  the  inner  and  thicker  nacreous 
layer  is  alone  preserved,  and  the  whole 
surface  of  the  shell  has  a  brilliant  pearly 


certw).  The  month  liea 
totberight.  «. I,  Exter- 
nal lobe,  bUected  by 
a  median  iwliila  on 
thekeeL  cs,  External 
■addle.  1. »,  1  tt  Uteral 
lobe.  1.  It,  lit  Uteral 
tMidle.  X.  U.  2iul 
Utenl  lobe.  t.  It,  2a\ 
Interil  taddle,  n,  a, 
Anxiliotv  lobea  sua 
■oddlei.  *./,  latauea 
Finally,  the  bodies  known  as  aptychi  Internal  tobe. 
(fig.  105)  or  anaptycbi  are  fonnd  associated 
with  so  large  a  number  of  ammonoid  genera  that  they  form 
a  further  point  of  difference  between  this  gronp  and  the 
Nautiloidea.  ' 


:h  sides ;  and  finally  the  iliell  beoamoa  pnrelj  praaiphonate.    Bat  tho 

olanifloation  of  the  Anunonoidea  by  tfie  diraoticm  of  the  aeptai  nock 

n  adalt  forma  ■eenu  well  fonnded,  ainoe  the  older  geneia  are  bo  persialently 


retroaiphtniata,  while  those  of  Mesozoio  times  are  proaiidioDate. 
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Sub-group  1 — ^Retbosiphonatk  Shells  wttb  siphuxclc  ov 

TBB   COKCAVB   BIDE. 

Clymeiiia  (fig.  108). — Shell  spiral,  broadly  umbilicated  }  croa»- 
aection  of  whorl  oval,  fiatteneii  laterally.  Uonth  notched  on 
either  aide.  Satnre-lines  nau&Ily  with  only  cue  lateral  lobe, 
which  ia  aimplj  curved  or  angular.  Siphunole  in  contact  with 
the  concave  eide  of  the  whotL  Bdtroaiphonatei  Surface  amootfa; 
rarely  ribbed. 

Exolnsively  Dfieonian, 

Sub-group   2 — fisTSOSIFHORATE    SBKLLS    with    BIPHUSCLS    ON 

THE  CONVEX  SIDB. — This  sub-gTOup  iiioludes  4II  the  sheUs  known 


The  shells  are  very  variously  coiled,  being  nt  times  involute, 
at  times  widely  umbilicated.  Oross-section  of  whorl  may  be 
flattened  laterally,  or  broad  (fig.  109),  or  (airly  oval.  The  whole 
ahell  ia  thus  sometimes  discoidal,  or  sometimes  almost  globular 


Fig.  109.— Gfyphioctrat 
p>evoiiiui).    ShowiDe  suture-  bonifaTaiu).     Showing 

lioM  wben  An  ihell  hM  been 
worn  am?,  with  a  single 
anf^idar  lobe. 

through  the  strong  convexity  and  the  involute  arrangement  of 
its  whorls.  The  suture-lines  are  occasionally  slightly  folded,  but 
are  commoaly  zigzag  or  bent  rather  sharply,  the  lobes  and 
saddles  being  sometimes  numerous.  The  lobes  and  saddles  are, 
however,  not  subdivided  by  notched  or  foliaceous  boundaries,  as 
occurs  in  the  next  sub-group  (tig.  112).  The  siphnncle  is  in 
contact  with  the  convex  aide  of  the  whorl,  and  is  beat  seen 
where  it  emer^s  through  any  septum  which  may  be  displayed 
terminally  on  the  apecimen.  Eetrdaiphonate.  Aptychi  bAT». 
been  recorded. 


Lkioi^lc 
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.G^TP^iocens  (fig.  109). — Shell  involnte,  generally  globose. 
Suture-line  witk  external  lobe  diTided  by  a  Bm&ll  median 
saddle;  external  nddle  narrow;  lateral  lobe  pointed;  lateral 
saddle  broad  and  ronoded.  Surfiue  practically  smooth.  (Ex- 
amplea  ; — &l*/piiioeerm  erenittn^  OL  aphnrietiM,  QL  irvnealMm.) 
CarbomifBrtMU  amd  Ptirmian. 

Gastrioeeraa — Shell  with  wide  umbilicus.  Suture-line  with 
btoad  and  deep  external  lobe,  with  small  median  saddle ;  firat 
lateral  lobe  deep  and  angular ;  second  lateriil  lobe  small  and 
angular.  Surface  with  longitudinal  strise ;  often  with  transverse 
ribs  in  addition,  which  are  nodose  near  inner  ends,  (Example : — 
Goilrioeerae  iMtari.^ 

Cairbon\feTotu  aaa  PermtUm,. 

Frolecanitea. — Shell  with  wide  ambilicns;  whorls  flattened 
laterally.  Suture-line  with  several  deep  lobes  and  saddles, 
t^e  lobea  broadly  pointed  at  the  ends,  the  saddles  ronuded  at 
the  ends  and  narrowed  near  their  bases.  Sortkce  smooth. 
(Example  : — PrUeeaniUt  eompreinu.) 

Devonian  and  Carioni/erou*. 

Nols. — Baetrites  {OrdovidaTi  to  Oarboni/erou*)  is  the  Btraight  form  of 
the  GoDi»tite«.  Pronorites  iPermo-Carbani/eroaa],  with  ita  acoesBOry 
aarratioiu  nt  the  ends  of  the  lobes,  and  HedllCOttla  [also  Ptrmo-Carbon- 
i/trotu).  with  ita  still  more  elaborate  suture-liDes,  link  the  Goniatites 
completoly  to  the  wib-groDp  of  the  Ammonites. 

Sub-Gnup  3— Pbosiphoxatk  Shells  with  biphqncle  on  the 
CONTBx  SIDE. — These  are  the  successors  of  the  Goniatites,  and 
are  distinguished,  apart  from  the  character  of  their  septal  necks, 
by  a  greater  complexity  in  the  suture-lir^es,  the  main  lobes  and 
saddles  being  Tariously  subdivided  and  broken  up  (fig.  112). 
The  mouth-border  is  produced,  not  notched,  on  the  outer  side. 
The  surface  of  the  shell  is  also  more  strongly  ornamented 
than  in  the  preceding  sub-groups,  and  is,  indeed,  very  rarely 
smooth. 

This  sub-group  covers  the  great  series  of  shells  which  are 
commonly  styled  AmnODiteB.  While  this  world-famous  name, 
given  to  all  the  "  cornua  Ammonis,"  must  always  remsin  a  most- 
valuable  term  in  preliminary  observations  and  for  geologists  in  _ 
the  Held,  it  has  become  necessary  to  subdivide  the  old  genus, 
and  to  est«blish.a  large  number  of  new  ones,  each  example 
of  which  may  be  properly  styled  an  "Ammonite."  Fischer's 
restriction  of  "Ammonites"  to  the  members  of  the  newer  genus 
Arietites   seems  liable  to  cause  confusion,  and  would  destroy 
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the  ntilitj  of  the  irord  "  Ammonite,"  which  now,  u  fonserlj, 
covers  a  great  aeriei  of  shelli  allied  to  one  another. 

New  GobdiyiaioTU  are  being,  however,  continnally  introdnoed, 
mad  for  details  larger  and  special  works  mnst  be  consulted. 

Ceratitefl. — Shell  nmbilicated  j  orosa-seotion  of  whorl  aomewhat 
flattened  laterally.  Sntnre-linea  sometimes  with  aaziliuy  lobes 
and  saddtos.  The  saddles  are  always  rounded,  the  curve  ap- 
proaching gemicircular ;  but  the  lobea  are  subdivided,  their 
posterior  border  being  zigzag*  (fig.  HO).     Surface  marked  wiUi 


Fig.  llO.—Sntnre-lItie  of 
Veralittx  nodonu,  t.l, 
Extoriukl  lobe  (which 
is  hroad  when  viewed 
from  above).  e.»,  Ex- 
tenia  Mddle.  l.U, 
lit  lateral  lobe. 


Pig.  111.— NatDnl  caat  ot 
Areata  Biitkhi  (Triat), 
showing  tncetofaacoeariTe 
oonatriotioiu.  Part  of  the 
■hell  Temuiu  oa  the  left, 
and  the  entiire  line  can  be 
traced   on   the   right-hand 

Brtion  of  the  caat.     (After 
DJsitovica.) 


ribs,  which  do  not  pass  on  to  tihe  outer  border,  but  whicli  often 
bear  knobs  as  they  approach  it. 

Exclusively  Triaine. 

Trachjceras. — Shell  with  rather  narrow  umbUicua.  Sntnres 
like  Oeratitee  in  the  earliest  species ;  bat  in  later  forms  both 
the  saddles  and  the  lobes  are  denticulated  (t.e.,  bent  into  a 
zigzag  form).  Suriace  ribbed  transversely,  the  ribs  set  with 
knots;  a  furrow  runs  along  the  convex  margin.  (Sample ;— • 
•Traehyeeraa  Aon.) 

Triaa. 

Arceates  (fig.   111). — Shell  involute,  sometimes  with  small 
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'  nmbilions ;  whorli  nwrkedlj  oodvax.  Houth  slightly  redaoed 
by  the  folding  otot  of  ita  outer  mad  lateral  bordere.  Body- 
ohunber  oooapying  more  than  a  whole  wborl.  Sutures  with 
UBtnerooB  auxiliary  lobes  and  saddles,  the  line  being  complex 
and  foliaoeoos,  so  that  the  markings  look  like  the  outlines  of 
little  branching  trees.  The  axis  of  each  lobe  and  saddle  is, 
however,  straight.  Surbce  smooth,  or  with  fine  transverse 
atriationa. 

Tba  moutb-bgrder  appears  to  have  become  thickened  intemxlly 
at  various  stages  of  growth,  so  that  casts  (fig.  Ill)  exhibit  well 
marked  and  rather  wavy  grooves  rtinniag  at  wide  intervals  from 
the  outer  to  the  inner  side  of  the  whorl  (Example : — Areealei 
Mibumbilviabu.) 

Tritu.  Also  Farmo-Carion^erou*  of  India,  with  another 
genus  of  Ammonite,  C  jclolobOB. 

HonophylUtes.— SheU  rather  flat  and  disooidal,  with  &irly 
wide  umbilicus.  The  whorls  enlarge  rather  rapidly,  giving 
'  '^'-"  -       ■■       " -Dbesand  si  '" 


h  Are  foliaceous ;  but  each  saddle  terminates  anteriorly  in  ft 


i 

Mddle  of  MonopJigUiUM  Binonvi.      b,   Hrst 

_.  adJMent  septa  m  PkfUoeertu  keurophgllitm, 

•hawing  the  extramelj  folisceoni  etumotet  of  the  ratnre-liiiM. 

aingle  oval  leaf-like  form,  although  its  sides  are  subdivided  into 
leiJets  (fig.  112,  a).  Surface  smooth,  or  with  fine  slightly 
curving  stiin^     (Example  : — MonophyUitti  Simon^) 

Triat. 

Phyllooaru. — BheU  rather  flat;  involute,  or  with  very  smsll 
umbilicus.  Mouth  high.  Numerous  lobes  and  saddles,  steadily 
increasing  in  sixe  outwards,  the  saddles  being  broken  up  into 
leaf-like  foldings  with  rounded  terminations,  the  lobes  into 
sharper  notches  (fig.  113,  b).  Surface  smooth,  or  simply  striated; 
no  keel.  Here  and  there  external  or  internal  thickenings  of  the 
month-border  may  be  for  i««d,  yodaciiig  in  the  former  oase  ridgss 


on  tbe  SBT&oe,  or  in  the  letter  cms  ooofltrictuBs,  evidesM  «t 
whioh  occurs  on  outs  of  the  interior,  as  in  ArecBtcs  (Gg,  111). 
(Exftmpla  -.—PhyUoaerat  hetgrophjfUtmt.) 
Lias  to  U.  Crttaetotu. 


AmaHliaas. — Partly  involute.  Form  rather  discoidal,  and 
BometiiDes  flattish.  Mouth  high,  its  border  being  produoad  into 
a  long  process  on  the  outer  side.  Body-chamber  oocupyiog  oiUy 
two-thirds  of  thn  last  whorl.  Sutorc'linea  markedly  folded-; 
several  anxiliary  lobes  and  saddles  present.  Sur&oe  smoo^  or 
variously  ribbed ;  a  distinot  median  ridge  or  keel  runs  along  tiie 
convex  side,  and  is  often  knotty,  or  obliquely  grooved,  to  as  t* 
resemble  a  piece  of  rope.     (Example : — Amaithetu  margaritatu*.) 

Triaa  and  Juratiic. 

OxynoticeraB. — Form  much  like  Amaltheni.  Two  or  mora 
auxiliary  lobes  are  present  on  each  side,  but  the  lobes  and 
satldles  are  broad,  and  th«  whole  suture-line  ia  leas  strcnglr 
foliaoeoUB  than  in  Ajoaltheos.  Snriace  smootli,  or  marked  with 
rather  delicate  eurving  ribs.    (Example  : — OxyHodeenu  orynofaw;) 

Lia»  to  Lower  Cretaeeoue. 

Schloanbachi&^Form  like  a  thick  Amalthens,  with  a  smooth 
keel.  Suture-lines  with  only  one  auxiliary  lobe,  i.e.,  throe  lobes 
in  oil  on  each  side  ;  lobes  and  saddles  consequently  broad.  The 
lobes  are  fairly  simple,  and  at  times  even  approach  the  Ceratites 
type  (fig.  110).  Snr£ioe  witli  strong  curved  ribs;  keel  oltea 
prolonged  into  a  horn.     (Example  : — Sehieenbaeiiia  in/lala.) 

CrttaoeoKM. 


MgOtertM  (fig.  113V— Shell  with  wkte  or  narrow  nmbOicus; 
cross  section  of  whorl  fairly  circular.  Body-chamber  occupying 
rather  less  than  one  whorl.  Suture-lines  foliaceous,  with  few 
anxitiary  lobes ;  lobes  and  saddles  rapidly  diminiabing  in  siee. 
Internal  lobe  bifurcating  at  end.  Surface  with  fairly  straight 
simple  ribs,  which  cross  the  outer  side  of  the  whorls,  there 
being  no  keeL  In  some  exceptional  casea,  these  ribs  bifurcate 
near  the  outer  side  of  the  whorl  (compare  Schlotheimia).  .^^o- 
eeraa  and  its  allies  are  thua  among  the  most  simply  marked 
ammonites.  Ait  anaptychus  occasionally  occurs  in  tlus  genu& 
(Example  -.—^oceroM  capricomut.) 

SchlothflllBla. — Sometimes  regarded  as  a  anb-genns  of  its  close 
ally,  .^Sgoceras.     Like  .ffigooeras,  but  snrfocB  with  atmi^  rib% 

Da-:ect,  Google 
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whicdi  often  bifurcate,  and  -which  are  directed  anteriorly  wbea 
they  reach  the  outer  aide  of  the  vhorl,  bo  as  to  form  on  the 
ooDvex  bonier  a  series  of  V-shaped  ridges.  The  ribs  from 
opposite  sides,  hoireTer,  die  away  just  befure  they  actually  meet, 
so  that  the  apex  of  the  fold  is  waating.  (Example : — SclUotheimia 
anffutala.) 

Lower  Lieu. 

P^oceras. — Also  closely  allied  to  ^gooeraa,  and  sometimes 
included  in  that  genus.  Keaembles  .^Jgoceras,  but  suriaoe  some- 
times amooth,  sometimes  with  simple  ribs  that  do  not  traverse 


SC 


^ 


rif.  118.-    .  ,  __ , 

■atsr«-Iiiw  enlarged.    eJ,  External  lobe,  with  Bmoll  median  iaddle  ai 

tcaoe  of  nphnnole,  viewed  from  above.    «.l,  External  Mddle.    J.U,  lad 
lateral  iaddle,  which  is  diatinotly  nnaller. 

the  outer  side  of  the  whorL  A  slight  keel  occasionally  oocors. 
(Example  ; — Ptilooera*  plajiorbu.) 

Rheetie  and  Louitr  Lias. 

Arietltes. — Form  much  like  .^^oceras,  bnt  with  no  approach 
to  an  involute  character.  Snture-Iiuea  much  folded,  with  only 
one  auxiliary  lobe.  Surface  with  plain  or  (rarely)  somewhat 
nodose  ribs,  which  are  EometimeB  bent  sharply  forward  above. 
Flain  median  keel,  on  either  side  of  which  is  a  furrow.  Fischer 
employs  the  name  Ammonites,  given  by  I^marck,  exclusively 
for  tbu  genus.     (Example : — Anetitet  BudUandi.) 

Lower  Liai. 

Barpoceras. — Shell  rather  discoidal;  umbilicus  sometimes 
wide,  sometimes  narrow.  Mouth-border  furnished  with  a  spinoge 
prolongation  of  the  keel,  and  with  lateral  ears.  Body-chamber 
occupying  about  two-thirds  of  tJie  last  whorL  Suture-lines  with 
auxiliary  lobes,  but  not  particularly  foliaceous  (fig.  107).  In- 
ternal Iob«  not  bifarcating  at  the  end  (compare  .^^oceras).   Sor- 
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face  m&rked  with  BtriatioDs  or  ribs,  which  at  first  curve  forward 
on  leaving  the  inner  side  of  the  whorl,  and  then  backward,  finally 
again  bending  forward  at  the  outer  side  of  ttin  whorl.  The 
markings  are  thus  sickle-shaped ;  but  this  character  is  much 
more  emphatic  in  some  species  than  in  others.  A  smooth  keel 
u  present,  occasionall;  with  a  shallow  furrow  on  each  side. 

An  aptjcbus  formed  of  t^o  plates  has  been  found.  (Example  : 
—Harpoc«rat  Mrpmftnum.) 

Jvranie,  commencing  in  Middh  lAat. 


This  next  and  important  series  of  forma,  including  the  family 
4if  the  Stephanoce-atide,  is  characterised  bv  the  absenoe  of  » 
keel. 

Stephanoceras  (fig.  114). — Form  thick,  with  ^rly  wide  om- 
bilicna;  cross^ection  of  whorl  broad  and  rounded,  not  high. 
Mouth  eared  ia  fairly  young  forms,  and  aometimeB  oontnoted 
by  folding  over  of  the  lateral  processes. 
Snture-lines  with  few  lobes  and  sad- 
dleB,butmBrkedlyfoliaceous.  Internal 
lobe  not  divided  at  its  apex.     Surface 
with  fairly  straight  ribs,  which  bifur- 
cate or  split  still  further  as  they  near 
the  outer  side  of  the  whorl,  over  which 
they  run  continuously  (fig.  114).    Mo- 
dose  ornamentation  occui'S  sometimes 
where  the  ribs  divide.     An  aptychua 
of  two  plates  is  known.    (Example : — 
Stephanocwat  AumpAnenonum.) 

Jwraanc. 

Coeloceras.  —  Widely    umbilicated ; 
*r«.^ection  of  whori  typically  Bar-    ^l^L'u!'''^^? 
rower  than  in  Stephanoceraa.    Mouth        viewed  from  the  front. 

not  eared.     Internal  lobe  of  suture-         

line  divided  into  two  at  its  apex. 
Surface  marked  as  in  Stephanoceras ; 
but  plain  ribs  are  often  intercalated 
between  the  others.  Compare  Feri- 
Sphinctes.  (Example:— Co^ocflrtucom- 
mun&) 

Middle  and  Upper  lAat. 

Cosmoceras.  —  Umbilicated  ;  cross- 
section  rather  oval,  the  mouth  being 
typically  higher  than  in  Stephanoceras, 
and  famished  with  long  lateral  ean. 


■howing  the  broad  Motion 
of  the  whorl,  the  shell 
having  been  broken  away 
nntil  a  initiim,  with  it* 
folded  inmce,  hu  beooue 
viilble.  The  trace  of  the 
■iphanole  li  leeii  eiter- 
nally ;  and  tliis  eiample 
alio  illaitrates  the  lack 
of  ooDDezion  between  the 
antnre-llne*  and  the  tor. 
fMe-Miiaiiuaitation. 


Snrfitoe-maridnga  ai  I& 
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StephanooenM,  but  riba  rather  more  oarved  and  nodose ;  a  row 
of  epinea  or  kooba  is  formed  on  eaoh  side  of  tlie  outer  median 
line  of  the  whorl,  the  median  area  itself  being  smooth.  (Ex- 
ample : — Coanocenu  Jeutm.) 

Middle  Jwnune  to  NtoeoawKn. 

PorkinBOnia. — Form  rather  flat;  umbilicna  wide.  Mouth  high 
rather  than  broad,  with  lateral  ears.  Surboe  with  fairly 
straight  riba,  which  mostly  bifurcate  near  the  outer  margin  of 
the  whorl,  but  which  are  broken  by  a  median  external  furrow. 
(Example  : — /'onUnfonia  Poriinxm).) 

Middle  Jtiraeeie. 

Perisphlnctea. — Form  like  Farkinsonia.  Mouth  eared  in 
young  forma  Suture-liaes  with  a  deep  foliaceoua  lobe  following 
on  the  second  lateral  lobe,  which  ia  smalL     Sar&ce-markinga 


9^.  lis. — Aaaitlioeenu  rolhomagtnee  (CenDmtuiIail). 
much  like  Parkinsonia,  but  ribs  sometimes  dividing  into  three 
or  four  branches,  and  no  median  forrow.  The  formation  of  a 
slightly  constricted  area  behind  the  mouth-border  at  Tsrions 
periods  of  the  animal's  growth  leaves  here  and  there  ita  traces 
upon  the  outer  sur&ce  of  the  shell,  in  the  form  of  a  smooth 
depressed  ring  running  round  the  whorl.  (Example  : — Peri- 
^kinelee  bipl^e.) 

Jurauic  to  JTeoeomian, 

BopUtes. — Form  somewhat  discoidal,  with  narrow  umbilicus, 
and  at  times  approaching  involute.  Mouth  high.  Suture-liUM 
delicately  notched,  and  with  several  auxiliary  lobes.  Surfaoe- 
markings  much  like  Stephanoceraa,  but  the  ribs  are  more  wavy, 
and  nodose  processes  are  common  on  them,  near  either  the 
umbilicus  or  the  margin.  Moreover,  there  is  in  many  species  a 
well-marked  median  fnrrow  down  the  outer  dde  of  the  whod. 

34 
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The  lat«nl  oomprcMum  of  the  ihetl  slao  disttngnnliea  it  from 
StephanooerM,  which  is  atout     (Example  ; — BoplUet  laubu.) 

TUhcman  and  Crelaetoiu. 

Aoaatboceras  (fig.  115). — Umbilicated;  whorla  atronglf  cohtccc, 
cross-section  broad  and  oommonlj  well  rounded.  Suture-lines 
with  broad  and  not  markedly  faliaoeoos  lobea  and  aaddles. 
Snr&ce  with  straight  ribs,  not  bifurcating,  which  sometimes 
oroBs  the  onter  aide  of  the  whorl,  but  which  sometimes  are 
interrupted  by  a  shallow  furrow.  These  well  marked  ribs  are 
genersUy  set  with  namerous  knobs.  (Example : — Acanthocena 
rothomagente.) 

Cniaeeoue.     Uostly  Albian  and  Certomaniain. 


Lytoceras. — Widely  umbilicated;  whorls  distinctly  oonvex. 
Snture-lines  delicately  folioceoua,  the  lobea  and  saddles  divided 
into  aymmetrioal  halTea  by  an  anterior  or  poaterior  fold  of  the 
line  respectively  (compare  fig.  116).  O^u  no  auxiliary  lobes 
and  saddles.  Surface  of  shell  simply  marked  with  fine  ribs, 
and  almost  smooth.  Casts  are  sometimes  ringed  round  with 
constriotiona  which  indicate  occasional  thickenings  of  the  month- 
border  (see  fig.  111).     (Example  :^2/j/looerag  jureme.) 

Lias  to  Crelac«oui. 


Finally  there  remains  a  number  of  Ammonoidea  distinguishod 
by  abnormalities  of  form.  In  the 
cUssification  generally  adopted,  the 
senera  Hamites,  Turrilites,  and  Bacu- 
utes  are  plaoed  near  Lytoceras,  on 
aooonnt  of  the  symmetrical  snb- 
divbion  of  some  one  or  more  of 
tbeir  lobea  and  saddles  (fig.  116). 
Similarly,  Orioceras,  Ancyloeeras, 
and  Scaphites  are  allied  to  Aoan-  Ite.  IIG. — 'PoTiioaol  Baat- 
diooeras.  ^'"  «'>'^P'  1^-  Crataoa- 

B«<mt,.(fig.i.6).-8h.ii..™ght,   z:'i^^'^£^^ 

narrowing   to    a    point    posteriorly,        bifctenJsnbdiTuionolthB 
and  laterallr  oomprened.     Aptychus        lobe*  and  saddles.     The 


CrttaeeoM.  "«''*■ 

Hamltos.— ETolute.    Shell  stnight  for  part  of  its  length,  but 
corred  over  ia  a  book-like  manner  at  one  or  both  ends,  so  as  to 
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lend  bock  pan11«l  to  ita  former  diraotion.    Hamltes  is  sometimM 
restricted  to  forma  which  have  bent  thut  twice  or  three  timep 
dnrinff  their  growth,  while  those  only  once  boQt  ore  styled 
aamolilia.     Snr&oe  of  most  species  rather  simply  ribbed. 
Crataeeovt. 

Crtoceras. — Form  like  ui  Ammonite,  bnt  erolute.  Siu:£M)e 
Tsriously  marked ;  but  generally  with  strong  simple  ribs.  See 
Ancylocenu. 

Jurowic  to  L.  Crttaoeoiu. 

Am^loceras. — Form  commencing  like  Criooerae ;  then  becoming 
straight ;  and  finally  oorring  back  along  its  inner  side  like  the 
terminal  part  of  Hamites.     Hence  Ancylooeras  may  be  a  late 
stage  in  the  growth  of  Crioceras. 
•/unumc  to  Loioar  Crekueoua. 

Sci4)hites  (Gg.  117). — Form  commentdng  as  an  involute  shell  ; 
then  running  straight  for  a  short  distance; 
and  finally  curving  back  along  its  inner 
side.  Oommonly  much  stouter  and  more 
rotund  than  Ancylooeras.  Aptychus  or 
Bynaptychus  known. 
Upper  Oretaeeoue. 

TnmliteB. — Form  spiral,  generally  left- 
handed   {i.6.,  opposite  to  the    mode    of 

iqualUVCeaiyaJcaAa).  "korls  "«  sometimes  not  in  contact. 
Sar&ce  commonly  marked  with  nodosa 
ribs.  The  suture-lines  of  coarse  readily  distinguish  this  form 
from  turreted  gastropods;  the  cros8-ft»otnre  of  imperfect  sped- 
mens  has  generally  taken  place  along  a  septum,  the  oharacteristio 
ammonoid  folding  of  which  oan  at  once  be  seen. 

Crttaoecnu. 

0.  Fhraohophoka. 

This  group  is  included  by  common  consent  nnder  the 
Dibranchiate  division  of  Cephalopods.  In  our  selection  of 
commonly  oocnrring  fossil  types,  we  leave  aside  the  very 
interesting  series  of  forms  intorrening  between  Beiemnites 
and  the  Gainozoic  Sepia,  which  is  abundant  in  existing  seas. 
We  cannot  refrain,  however,  from  a  brief  mention  of  sudi 
^lenera,  following  on  the  description  of  the  stratigraphically 
important  Beiemnites. 

Beiemnites  (fig.  118).— The  chambered  shell  in  this  genus  is 
reduced  to  a  conical  body,  the  Phragmoeont  (or  Phragmaeom), 
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vhioh  is  divided  intem&lly   b;   simple    ooncKve  BoptA.      The 

iaterseptal  cbamben  are  connected  b^  »  aiplmncle,  whicb  runs 

down  one  side  of  the  phntgmocone,  tut  being 

consequently    called  the    ventral  tidt.       The 

pbrsgtQOOone  is  closely  fitted  into  &  hollow, 

staled   the   Alveohi*,*   which   oocan  at  the 

anterior  end  of  a  strong  pencil-like  calcareous 

body,  the  Guard  or  Rotl/mm,    This  solid  guard 

forms  the  object  so  oommonlj  found,  and  is 

thus  popularly  known  as  the  "  belemnite." 

The  guard  is  of  varions  proportions,  some- 
times delicately  tapering,  sometimes  broad  and 
stout,  sometimes  thickening  anteriorly  for  a 
certain  distance  and  then  decreasing  in  disr 
meter,  to  expand  again  as  the  alveolus  is 
neared.  In  cross-seotion,  as  when  broken,  it 
shows  a  fibrous  radial  structure,  and  the  calcite 
of  which  it  is  formed  is  usually  stained  some- 
what brown.  The  apex  of  the  conical  alveolus  Fig.  118.— Goaid 
is  directed  slightly  to  tbe  "ventral"  side,  and  of  Bdtmnitf, 
determines  tbe  point  from  which  the  oalcite  cut  open  abova 
prisms  radiate  in  the  Ruard;  hosice  the  axis  oif  *5  ^^i^'!^^ 
tue  guard  is  eccentric,  and  the  "dorsal  or  gone  reitiu  in 
<■  ventral "  side  of  imperfect  Bpeoimeus  can  be  tbe  alTeolw. 
determined  by  noting  which  part  of  tbe  circum- 
ference is  respectively  &rthest  from  or  nearest  to  the  point  from 
which  the  prisms  radiate. 

The  guard  has  typically  a  smooth  surface,  on  which  vascular 
impressions,  like  those  of  ramiiying  rootlets,  caa  occasionally  be 
seen.  A  furrow  sometimes  runs  down  the  ventral  side,  or  mora 
rarely  down  tbe  dorsal,  often  reaching  to  tbe  point  of  the  guard. 
At  llie  point  itself  fUrrows  sometimes  arise,  extending  some 
distance  up  the  sides  ;  and  a  common  feature  is  the  presence  ttf 
two  long  and  almost  parallel  grooves  running  thus  np  the  dorsal 
Bide. 

The  alveolus  is  often  empty  j  and  sometimes  the  phragmooona 
is  found  without  the  guard.  In  fine  and  carefully  cleaned  speci- 
mens,  not  only  can  tbe  phragraooone  be  seen  in  place,  but  traces 
of  a  brood  expansion  of  its  doraal  side  extend  considerably  above 
and  beyond  it.  This  thin  anterior  expansion  is  the  Pra-ortraeum, 
and  covers  the  ink-bag,  the  solidified  contents  of  which,  forming 
a  black  pear-shaped  body,  have  also  been  found  in  ritu.     Abovo 

■  Hw  Phragmoooae  Hulf  baa  also  besD  ityled  tha  Alvsolas. 
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thia,  sgain,  imprmriona  of  the  orown  of  arms  tAont  tbs 
head  of  the  Rniraal  may  be  wen,  the  little  hooked  teeth 
■with  which  they  were  set  lying  in  rowa  along  them.  Henca 
the  "belemnite"  &miliar  to  collectors  formed  only  the  posterior 
hard  part  of  an  animal  allied  to  onr  modem  anproteoted 
cattle-fish. 

loieer  Liat  to  Albian. 

Belemnitella  (fig.  119). — This  form  is  practically  only  a  Bnl> 
nnoB  of  Belcmnites,  characteriaed  by  a  slit  at  the  anterior  end  of 
the  guard  and  parallel 
to  its  axis.  This  slit 
reaches  in  to  the 
alveolus,  end  mails 
the  Tentral  aide.  The 
ph  ragmocone  ( of  which 
several  specimens, 
mostly  preserved  in 
ailioa,  are  known),  hai 
a  low  ridge  running 
down  the  dorsal  side, 
a  corresponding  shal- 
low groove  occorriiig 
in  the  alveolus.  The 
phragmocone,  though 
rare,  was  described  by 
Count  Miinster  aa 
early  as  1630.  The 
guard  shows  distinct 
vascular  markings  on 
its  ventral  aur&ce. 
{Oompare     Actino- 


Upper  Cretaeeoua. 

Aotinocamax.  —  In- 
this  genus  forms  have- 
been  placed  in  whick 


Rg.    119.— Gnard    of      Fig.    120.— Onard   tA 

Bdemniidia  mucn-         ActbuKamax  jilanu 

nata      (Senoman).  [Bdtnmit^a  plena). 

Showing  the  «lit  and         " --- 

Uaoa   of    VMcnUr 

nuikin^ 
no  alveolns  oooutb,  and  also  eome  with  a  shallow  alveolus,  which 
ta  often  four-sided  tather  than  circular  in  cross-section  (Aetino- 
camax  qimdrntus).  The  common  character  of  these  forms  is  the 
distinctly  lamellar  atructnre  of  the  anterior  end  of  the  guard,  so 
that  it  easily  bnnomea  broken  away  and  injured.  In  apjparentlj 
perfect  specunens,  however,  as  in  Aetinocamax  plentit  (fig.  ISO; 
often  styled  Mtiemnitaila  plena),  the  anterior  end  may  be  pyi»- 
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midal,  not  boUoved  out  b;  An  alTeoloa;  in  this  case  the 
phngmooone  most  have  been  Biurxjunded  b]r  only  &  homy  con- 
tiikaatioQ  of  the  gnuxL  In  the  apeoiea  quoted,  a  alight  groore 
ooonrs  at  the  apex,  which  maj  ooirespond  to  the  slit  in  Belem- 
nitella. 

Both  in  Belemnitella  and  Aotinocamax  the  guard  may  be 
suddenly  reduced  in  diameter  near  its  point,  thus  terminating 
in  a  short  spinose  process,  the  "mncro."  It  has  often  been 
anggested  that  Aotinocamax  is  only  an  imperfectly  preserred 
Belemnitella;  but  the  uniform  character  of  specimens  at  certain 
horizons  is  evidence  that  the  phragmocone  was  l&rgely  above, 
and  not  included  in,  the  true  osJcareous  guard.* 

Uj>p«f  Cretacaou: 


^o(e.— PhraKmopboia  nitb  greatly  elODRatiad  goards  ocour  ih  the  TTpptr 
Trvu.  In  BelemnoteQthls  of  the  Ozjordian,  on  Mm  other  hud,  the 
giurd  is  a  mere  short  sheath  about  the  phragmocone. 

BelOSepiE  of   the  Bocent  has  a  short  stout   bent  ^oard,   expanded 


beloT  a  oiirred  phragmooone,  whieh  possessea  a  tme  siphuncle. 
modem  Splmla.  the  phragmooone  alone  remains,  in  the  form  of  a  delicate 
flvolute  spiral  shell,  with  a  siphunole  on  the  concave  side.     This  shell, 

tboagh  uzposed  by  a  oleft  of  the  mantle,  is  truly  internal. 

Sepia  CSocaie  to  Reeent)  has  the  mereat  trace  of  a.  guard  at  the  eod  of  a 
phragmooooe,  the  obanibeFS  of  whioh  are  flattsoed,  and  which  forms  the 


well-knowD  "cuttle-bone."  It  is  important  to  note,  however,  that  cei 
lopods  with  a  mere  thin  homy  pro-oetracum (the  "pen") over  the  ink 
and  no  trooe  of  chambered  shell  or  guard,  oocur  as  contemporaries  of 


the  earlier  belemniteo.  Thus  Oeoteuthls  of  the  British  Liat  baa  been 
placed  in  the  same  group,  the  Chondrophora,  as  LaUgo,  the  Squid  of  the 
preeect  day. 


*  As  to  Belemnitella  and  Actinocamaz,  see  Dr.  CL  Schliiter,  "  Cephalo- 
poden  der  oberen  deutooheu  Kreide,"  Pal/Eonlofira^ieit,  vol  ziiv.  (l87ft-7), 
p.  63,  and  pUte  lii.  (17),  &c 
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TTT,  EcliiiiodenDat& 

Tbx  EchitiodenDB  present  in  their  harcl  parts  a  great  Yariet^ 
of  forms,  ohanoterised,  hoveTer,  b;  the  prevalence  of  peta- 
gonal  eymmetpy.  The  fiwjt  that  their  shells  or  skeletons,  exter- 
nal or  internal,  are  built  up  of  plates,  causes  their  remains  often 
to  be  found  only  in  a  fragmentary  oondition.  The  calmte  of 
which  these  parts  is  composed  assumes  a  completely  crystalline 
stmoture :  so  that  any  part  of  the  shell  or  skeleton  cleaves  aoraaa 
on  fracture  along  the  rhombohedral  snriaces  so  familiar  in 
Iceland-spar.  The  opaque  white  but  gleaming  cleavage- sarfocei 
of  ecbinodermal  fragments  may  thus  be  picked  out  by  the  eye 
on  rook-exposures  from  among  the  fractured  remains  of  other 
organisms.  The  individual  plates  or  block-like  calcareous  bodiM 
of  which  the  bard  parts  are  composed  are  styled  the  OtM^tt. 
All  the  Eohinodermata  are  Marine. 

A.  Cbixoidza. 

These  are  the  typical  "  sea-lilies  "  or  "  encrinites."  The  animal 
during  the  whole  or  earlier  part  of  its  existence  is  fixed  to  the 
sea-bottom,  commonly  by  a  flexible  stalk  or  Stem,  which  bean 
root-like  processes  at  its  base.  The  principal  terms  used  in 
describing  the  hard  parts  of  Crinoids  are  as  follows  : — 

Oandea  or  plalte. — The  individual  caloareoos  bodies  of  which 
any  of  the  bwd  structures  are  bnilt  up. 

Calyx. — ^The  oup-like  structure,  sometimes  closed  over  above, 
formed  of  calcareoos  plates,  and  enclosing  the  body  of  the 
animaL  Its  under  surface  or  bast,  which  is  attached  to  the 
apex  of  the  stem  (or,  ss  in  Holopus,  directly  to  the  sea-floor), 
corresponds  to  the  upper  surface  of  most  echinoderms ;  its  upper 
or  oral  surface  bears  the  mouth  and  generally  the  anal  aperture. 
The  calyx  and  the  arms  are  often  spoken  of  together  as  the 
Crofon  of  the  crinoid,  and  tJie  calyx  is  sometimea  freely  termed 
the  "  head." 

The  upper  (ventral)  covering,  or  teamen,  of  the  calyx  may  be 
membranous,  with  little  plates  developed  in  it,  thus  leaving  n 
eircnlar  gap  in  fossil  forms ;  or  it  may  form  a  dome-like  stmotnie 
of  nnmerouB  plates  in  contact.  There  is  no  doubt  that  in  tone 
{[enera  thia  dom»  was  represented  by  a  flexible  vmtnl  toa 
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Th«  MouA  lies  oentnU7  on  or  below  the  togmen,  sad  groons 
lead  to  it  from  the  basei  of  the  arma. 

The  Atmt  is  tTpiodlj  ezcentrio,  and  is  intemdial  in  poaitioD 
(Bee  below)  ■  that  is,  it  oocun  between  two  of  the  arms.  In  aoma 
extinct  genen,  the  dome  bean  one  aperture,  that  of  the  anos, 
which  then  oocan  almost  centrally,  and  at  times  on  the  end  of  a 
tnbe  or  "proboscis."  In  these  cases  the  month  is  concealed 
beneath  the  dome,  and  the  brachial  grooves  ran  through  the  wall, 
and  are  prolonged  as  little  canals  towards  the  centre,  where  tbej 
reach  the  monUi. 

The  plates  composing  the  oaljx  are  gronped  in  serersl  aeries 
from  the  base  upwards  to  the  region  of  the  mouth.  The  lowest 
plates,  meeting  in  the  centre  of  tbe  base,  are  2  to  6  in  number 
(commonly  6),  and  are  termed  Banal*.  They  are  often  hidden  in 
fossil  specimens  by  adhesion  to  the  upper  stem-joints. 
'  Sometimes,  however,  the  base  is  formed  of  two  cycles  of  plates, 
an  upper  one,  the  true  Basals,  in  this  case  sometimes  styled 
Faraiasalt;  and  a  lower  cycle,  alternating  ■with  the  upper,  and 
termed  Infrabavd*  (see  fig.  122). 

Next  above  the  basals  or  the  parabasali^  and  in  either  caa» 
^temating  with  them  when  the  base  has  petagonal  symmetry, 
is  the  oyole  of  the  Sadiaii,  commonly  5  in  number ;  vertically 
above  these  the  arms  of  the  crinoid  rise.  On  each  plate  of  this 
primary  radial  series  one  or  more  similar  plates  may  stand 
(fig.  121),  so  that  each  arm  may  be  supported  on  a  vertical  row 
of  several  ossicles,  which  are  oommoiUy  entitled  first,  second, 
third,  ia.,  radials  (see  "Anns"  below).  In  several  important 
genera  these  radial  series  are  in  contact  laterally ;  but  in  other 
types  there  are  plates  or  gronps  of  plates  intercalated  between 
them,  SDch  plates  being  styled  IntenvdiaU.  In  relation  to  the 
calyx  as  a  whole,  however,  the  basals  or  the  parabasals  are 
also  "  interradial "  in  position ;  the  infrabasala,  when  present,  are 
■'radial"  (see  fig.  122). 

AtuU  Interradial  Group. — This  group  commonly  coDtains  more 
plates  than  the  others,  and,  on  its  continuation  over  the  oral 
surface  of  the  calyx,  bears  the  anas.  Frequently,  interradiall 
are  found  in  no  other  portion  of  the  calyx, 

ArmB. — The  ossicles  composing  these  are  all  styled  SraAiaU. 
Dr.  F.  H.  Carpenter  *  regards  t^e  members  of  the  radial  series 

*  "Anatomical  Nomenolaitare  of  Bohinodsrai,''  Ann.  tutd  Mag.  cfSoL 
Bio.,  eth  SM-.,  vol.  tL  (1890),  Pl  Ifi;  F.  A  Botbar,  "Britbh  pMdl 
CaaiAAa," Snd.,  voL  v.,  p.  313;  and  "Siig|[«sted  Twnwin  Crinoid  Uor- 
~  lUf.,  ToL  Iz.,  p.  til.  See  slie  the  terminology  in  Wadumuth  and 
,  "  RerUion  of  the  PalKeerlnoidea,"  Proe.  AeaA.  Nat.  Sei.  Phila- 
ISn  (pBb.  1880),  p.  3U.    Also  fiath*r,6Mf.Jf<v.,  1698,  II  SI& 
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ftboTV  tli«  fint  ndial  m  ftU  belonging  to  the  «rms.  tnie  lower 
Ojvlee  of  hia  brachials  thoB  oom^ond  to  the  old  seoond  uid 
higher  ojdea  of  nuliala ;  theae  Dr.  Cupenter  ityles  Cotalt  (fig. 
121).  An;  int«rradialg  between  these  thus  become  styled 
Interbra^naU.  Abore  the  oostals  the  arm  often  bifurcates, 
fnrther  diohotomona  division  taking  place  in  manj  genen. 
The  free  stems  and  brftncbes  of  the  anus  are  sometimes  formed 
of  one  vertical  row  of  osaioles  ("  aniserial  /'  fig.  122),  sometimes 
of  two  in  contact,  the  ossiales  sltemating  in  the  two  rows 
("biaeri&l;"  fig.  121). 

On  the  inner  snrfikce  of  the  arms  a  groove  leads  down  from 
their  tips  to  the  upper  part  <tf  the  calyx. 

Pimtviet. — Small  arm-like  procesBes,  also  formed  of  calcareons 
ossicles,  set  in  many  genera  on  both  aides  of  Uie  srooyea  that 
ran  down  the  arms.  In  living  orinoids  these  bear  the  reprodno- 
tive  elements. 

The  iS't«m  is  oomposed  of  a  row  of  ossicles,  placed  vertioatly  on 
one  another,  their  articulating  surfaces  being  variously  ribbed 
and  grooved.     A  central  cajoX  runs  down  through  them  &1L 

The  Crinoidea  form  a  considerable  portion  of  some  limestones, 
the  scattered  ossicles  of  their  stems,  with  their  cironlar  cross- 
sections  and  often  radial  markings,  having  given  rise  to  the 
name  "entrocbal  marble."  The  abundance  of  stems  at  some 
horizons,  apart  from  crowns,  has  often  been  remarked  on,  and  it 
has  been  suggested  that  oertain  genera  (as  Aotinoorinus)  pos- 
sessed the  power  of  casting  off  their  stems  at  particular  stages  of 
their  growth.  On  the  other  hand,  it  has  been  pointed  out  that 
calyxes,  ooless  at  once  filled  with  mud  on  the  death  of  the 
animal,  run  much  greater  risk  of  destruction  than  the  more  solid 
stems,  the  ossicles  of  the  calyx  being  scattered  too  widely  f<» 
easy  recognition . 

While,  on  the  whole,  the  mora  modern  types  of  crinoids  are 
marked  out  by  the  smallness  of  the  calyx  in  proportion  to  the 
arms,  by  a  general  absenoe  of  interradials,  and  also  of  a.  pro- 
minent ventral  sac  or  dome,  yet  the  division  of  the  group  into 
"N^eocrinoidea"  and  "FalEeocrinoidea "  can  be  no  longer  main- 
tained. At  the  present  time  the  classifications  of  spectalista  in 
this  refined  branch  of  palnontology  cannot  be  regarded  aa 
having  reached  even  a  resting  stage ;  consequently  the  genera 
here  selected,  while  showing  an  interesting  range  of  structure, 
•re  not  placed  under  any  system  of  subdivisioDs, 

EnoEiniu  (fig.  121).— Oalyx  rather  shallow;  5  smaU  inlra- 
ImwIs  and  6  large  parabasals  present^  the  former  generally 
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hidden  hj  traces  of  tbe  Btem ;  5  radUl  seriu  oompoMd  oC 

three  cycles,  the  ossicleB  of  the  two  upper 

«]rcl«s    being    now    regiirded    bj    moat 

Mithors  as  belonging  to  the  armi  (firat 

order     of     bracmalB,      styled      ooatals). 

From  these  arise  simply  bifurcating  srma, 

whidi    have    pinnales,    and    which    ar« 

oommonly  formed  of  two  rows  of  ossicles 

/an    exceptional    feature    in    a    Neozoio 

form).     Upper  surface  of  the  calyx  solidly 

roofed  over.     Stem  long;  its  osaiclee  are 

radially    grooved    on    their    articulating 

mriaoes. 

Triat. 

Pentaorimu. — Calyx  very  small  in  pro- 
portion to  the  arms  ;  5  basals  (sometimes 
h  in&abasala  and  5  parabaaals) ;  5  radials, 
above  each  of  which  tie  2  ossicles  (radials 
or  coBtals).  Th«  arms  are  formed  of  one 
row  of  ossicles,  and  bifurcate  again  and 
again,  with  long  and  abundant  pinnalea 
Stem  long,  with  numerous  little  jointed 
lateral  processes ;  in  cross-section  it  ia 
sometdmes  rounded,  bnt  commonly  appears 
like  a  five-rayed  star,  the  indentations 
between  the  rays  being  deep  or  shallow. 
The  articulating  surfaces  of  the  osaiolea 
of  the  stem  always  bear  a  pattern  of  five 
ovat  markiagB,  which  radiate  symmetri- 
cally  from  the  central  canaL    These  stem-oamclea  form  very 

familiar  fossils. 

!Pria»  to  Seeent.     Common  in  the  2Jias. 

ApiDCrinns. — Oalyx  narrowing  slightly  aboTe ;  its  plates,  in- 
cluding th<>  interradials,  are  fitted  into  one  another  to  form  a  solid 
wall.  5  basals,  alternating  with  which  are  the  5  radials,  each 
bearing  two  large  costals  (2nd  and  3rd  radials);  the  basals  rest 
on  a  circular  plate,  perhaps  formed  by  the  onion  of  five  iu&a- 
basala.  Below  this  plato  the  stem  commences,  at  first  equal  in 
diameter  to  the  calyx,  then  contracting,  and  then  becoming  very 
gradually  wider  towards  its  rooted  base.  Hence  above  the 
narrowest  part  of  the  stem  rises  an  egg-shaped  or  pear-shaped 
body,  the  upper  half  of  which  is  tbe  true  calyx,  the  lower  half 
being  formed  by  the  highest  ossicles  of  the  stem.  Stem  circular 
in  oross-Beotion.    The  arms  an  formed  of  a  single  row  of  oi   '  ' 
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and  bear  pinnules.    The;  biforoate  onlj  onea  or  twie&    Tentnl 

Liai  to  Lower  Cretaeeout. 

Actisocrilins. — Calyx,  incladiaK  ita  dome,  rather  ovoid ;  3  basals, 
6  radials,  with  2  costols  (2nd  and  3rd  radiftls)  above  each;  inter- 
radialB  (interbnchials)  present,  with  mora  numerous  pUtea  in 
the  anal  group.  The  upper  surface  of  the  calyx  is  formed  by  a 
fairly  high  conrez  dome  of  plates,  sometimes  bearing  near  th« 
apex  an  anal  tube.  Arms  repeatedly  divided  ;  composed  of  two 
rows  of  ossicles,  and  arising  from  five  protubernnces  at  the  base 
of  the  dome,  so  as  to  appear  to  emerge  about  midway  between 
the  apex  and  base  of  the  ovoid  "  head."  Stem  round,  the 
centnA  canal  appearing  fivs-rayed  in  cross-section. 

Qoitandian  to  Carboniferoug  ;  especially  the  latter. 

Platyoiinns. — Cftlyx  formed  of  3  basals,  5  fairly  tall  nnd  vertical 
radials,  6  much  smaller  costals,  and  one  interradial  (or,  rather, 
interbracbial)  in  each  interspace  between  the  arms ;  there  may 
be,  however,  3  plates  in  the  anal  series.    Calyx  roofed  over  as  in 
Actinocrinus,  with  or  witbont  anal  tube. 
Arms  repeatedly  bifurcating,  composed  at 
first  of  one  row  of  ossicles,  and  later  of  two. 
Stem-ossicles  often  elliptical  in  cross-section. 

ffotlandian  to  CarSon^enmt ;  especially 
the  latter. 

Ichthyocriniu. — Calyx  formed  of  3  small 
infrabasals  (sometimes  not  visible  on  ex- 
terioi^,  5  small  parabasals,  and  5  radials. 
2  to  3  cycles  of  costals.  Usually  no  inter- 
radials.  Arms  numerous,  nniserial,  and 
forming  at  their  base  a  seemingly  solid  struc- 
ture with  the  calyx.     No  pinnules  known,     pj^    j22 Cvatho- 

Ootiandian  to  Catrboniferoug.  criniu  (Gotlandian), 

CyathOCrinUS  (fig.  122). — Calyx  oup-lifee;  Showing  infrabasals, 
6  infrabasals;  5  large  parabasals,  forming  parabaHals.  and 
partoftheside-wallofthecalyx;  Sradials;  J^^  Uniserial 
interradial  plates  occur  only  in  the  anal 

area.  Upper  surface  with  a  greatly  elongated  and  probably 
flexible  dome.  Arms  long  and  repeatedly  bifurcated,  composed 
of  one  row  of  ossicles ;  no  pinnules.     Stem  round. 

Ootiandian  to  Pennian  ;  especially  the  former. 

Heterocrlnas. — Calyx  small,  somewhat  cylindrical.  S  minute 
infrabasals,  at  times  seemingly  absent ;  5  parabasals ;  6  radials, 
with  2  costals  above  each.  One  or  more  of  the  radials  is  formed 
of  two  plates,  united  by  a  horizontal  suture.    Interradials  in  the 
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WuJgroup,ftnc[pro1oiig»dnpw»rdauaridge.   Tsntnliac  known. 
Anna  long,  uniseiul,  with  strong  pinnnles.     Stem  pentagonal. 
Ordwieian. 

B.  Blabtoidka. 

In  then  forms,  entirely  FalnoHiic  and  extinct,  the  calyx 
frequently  reeemblM  a  closed  flower-bud,  having  no  free  arms, 
an  OToid  contonr,  and  only  a  short  stem.  Running  from  the 
summit  of  the  calyx  down  its  sides  are  five  elongated  areas, 
the  ambulaeral  (or  paeudo-ambulacral)  areat,  which  remind  the 
obserrer  of  the  well-known  ambulaeral  areas  on  an  ecbinoid. 
These  are  commonly  seen  as  depressioaB,  leaf-like  in  shape,  or  at 
times  straight-sided.  Specimens  hare  been  found  in  which  the 
areas  still  bear  pinnnlFs,  thus  resembling  crinoid-arms  tamed 
back  and  down  over  the  calyx.  A  row  of  pores  occurs  down 
each  side  of  th^  ambulaeral  areas,  these  openings  being  in  reality 
interspaces  between  little  lateral  plates.  The  pores  communicate 
with  delicate  canals,  a  bundle  of  which,  called  a  hydro-spire, 
runs  up  internally  on  either  side  of  the  median  line  of  the  area, 
and  opens  at  the  summit  of  the  calyx.  Here  there  are  usually 
five  openings  (gpiracUt),  each  representing  two  series  of  canals 
from  adjacent  ambulaeral  areas.  The  mmUh  is  central,  and  the 
anvs  lies  between  the  two  posterior  spiracles. 

The  calyx  is  mainly  composed  of  five  plates  (arising  from 
a  baaal  cycle),  each  of  which  is  deeply  notched  above  to  receive 
the  downward  turned  apex  of  an  ambulaeral  area.  These  plates 
may  therefore  be  regarded  as  radiala, 

PentretnttflB. — Oalyx  bud-shapecl,  narrower  above;  radials 
large.  Ambulaeral  areas  rarely  reaching  to  tlie  base.  Short 
round  stem. 

QoUandian  to  Carboniferous;  especially  the  latter. 

Oranatocrinns, — Calyx  resembling  Fentremites ;  but  the  am- 
bolacral  areas  extend  down  to  the  base,  and  the  radials  are 
■mail,  the  five  upper  plates  (interrodiala)  between  them  being 
large. 

Carboniferoiu.  The  common  "  PenlremUet"  eltiptieua  thua 
becomes  referred  to  Granatocrinus. 


C.  Otbtidu. 

In  this  group,  the  Oystideaos,  there  is  a  spherteal  or  ovoid 
Mlyx,  lometimei  with  pinaulated  lateral  ambulaeral  grooves 
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reMmbling  tbe  areas  in  the  Blaetoida  These  grooves,  however, 
are  often  very  narrow  and  Bmall ;  they  radiate  from  the  vtouth, 
Khioh  is  apical.  Two  to  thirteen  short  simple  arms  are  occa- 
aionally  also  pteaeat;  a  short  stem  ocean  in  soma  genera. 

A  lateral  aperture,  and  sometimes  even  two,  may  be  foand 
on  some  part  of  the  calyx.  Each  is  oovered  by  a  pyramid,  the 
valvular  pyramid,  formed  of  little  triangular  plates. 

The  pUtes  of  the  calyx  are  numerooB  and  irregularly  arranged. 
Soma  or  all  bear,  in  typical  examples,  minute  porea,  which  are 
grouped  in  pairs,  the  members  of  each  pair  being  united  by  a 
oanaL  In  some  genera  these  pores  occur  near  the  margins  of  the 
plates,  and  the  pairs  are  made  up  of  opposite  pores  on  a^focent 
plates.  Taking  any  one  line  of  Junction  of  two  plates,  the  pores 
on  each  plate  are  then  arranged  along  two  sides  of  a  triangle, 
the  base  of  which  is  the  line  of  junction ;  hence  they  include  a 
rhomboid  area,  half  of  which  lies  on  eaoh  plate.  Across  these 
areas  strin  can  be  seen,  which  have  caused  authors  to  term  them 
the  paetinated  rhambt;  these  markings  aru  the  traces  of  the 
canals  by  which  the  pores  are  oonnected.  The  pores  are  usuallr 
closed  at  their  outer  ends  by  a  thin  layer  of  the  plate  whi<ut 
bears  them.     The  function  of  this  system  is  unknown. 

A.  lai^r  number  of  genera  can  be  referred  to  the  Cystideana 
tilian  to  the  filaatoids ;  but  all  these  are  also  Falteozoio. 

EoUnOBphsritai. — Oalyx  tpherioal,  irith  only  rudiments  of 
ambnlacral  grooves  round  the  mouth,  which  has  a  raised  border. 
A  small  opening  occurs  near  the  mouth,  and  is  sometimes 
oorered  by  a  valrular  pyramid.  A  third  aperture,  covered  by  a 
pyramid,  is  also  present  at  some  little  distance  from  the  mouth. 
Fixed  by  the  base  only ;  no  stem.  Bases  of  arms  have  been 
found  attached  to  the  rim  around  the  month. 

All  Uie  plates  form  p«otinated  rhombs  at  their  lines  of  junction. 

Ordovieian, 

D.  EoHiHomxA. 

Thia  group  includei  tlie  common  "  sea-urchint,"  the  spheroidal 
■hell*  or  "  tests  "  of  which  are  familiar  objects,  though  ordinarily 
found  denuded  of  their  spines.  They  are  never  attached  by  a 
■tem,  and  move  about  freely  by  meaiu  of  little  tnbe-fMt  pro- 
fandad  through  certain  of  the  osloareous  plates  of  the  teat.  The 
relatiTe  positions  of  the  anal  and  oral  apertures,  and  the  arrange 
inent  of  the  organs  of  looomotum,  form  important  points  in  thinr 
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TmL — The  shell,  built  up  of  caldte  pl«tM  in  coataot  with 
one  another,  by  Thich  the  auimal  is  Barronnded. 

Oral  ap«rtur«. — An  opening  in  the  base  of  the  teit,  &irly 
ciFonlar,  within  which  the  true  month  occurred  daring  lifis. 
This  aperture  ia  reduced  in  living  animala  by  a  membrane  or 
series  of  little  plates,  in  the  centre  of  which  the  mouth  itaelf 
opens.  The  l^utiful  masticatory  structure  known  as  the 
"lAntem  of  Aristotle,"  though  it  falls  away  into  the  hollow  of 
the  test  after  death,  and  ia  oommonly  lost  piece-meal  through  the 
apertures,  has  been  found  on  careful  cleaning  in  many  fossil 
genera, 

AutumUb. — CaloareooB  arches  or  plates  rising  internally  from 
the  border  of  the  oral  aperture^  They  are  five  in  aumb«r  snd 
synuoetrically  arranged,  serving  for  the  attachment  of  mnsoles 
which  thrust  forward  IJie  five-toothed  "lantern."  They  may 
frequently  be  seen  in  fossils  if  the  detrital  matter  that  commonly 
fills  the  test  ia  cleaned  out  irom  the  mouth-aperture  to  a  littlf 
depth.     They  together  form  the  Perignaihic  girdU. 

Anal  aperlttre. — This  appears  as  a  aeoond  fairly  large  and 
circular  opening,  oflen  diametrically  opposite  to  that  of  the 
mouth.  In  life  it  was  also  reduced  by  a  membrane  bearing 
accessory  plates,  in  which  the  anus  itself  occurred. 

Apta  qfiAe  Ult. — The  highest  point  of  the  t«Bt  when  the  flatter 
side,  on  which  the  mouth-aperture  occurs,  is  placed  below  and 
horizontally. 

Ambulaeral  anat. — Five  areas,  each  composed  of  two  rows  of 
plates  perforated  by  pores,  which  radiate  m>m  the  upper  part  of 
the  test.  When  these  extend  over  the  sides,  and  down  to  the 
oral  apertnre,  as  simple  bands,  they  are  said  to  be  jierfte^;  when 
the  plates  bearing  distinct  and  regularly  grouped  pores  terminate 
on  the  sides  of  the  test,  their  representatives  lower  down  having 
only  indistinct  or  no  perforations,  the  ambulaeral  area  is 
described  as  impirfet^.  The  •poret  are  grouped  in  pairs  towards 
the  outer  margin  of  the  area,  each  plate  thus  bearing  two  pores. 
In  many  forms,  througli  the  intercalation  of  new  plates  above  at 
the  apex,  the  lateral  ones  become  disarranged  and  finally  united, 
80  that  compound  plates  arise  bearing  several  pairs  of  porea.  In 
futalaid  are«3  the  lines  formed  by  the  porea  on  the  surface  (^the 
test  converge  and  completely  enclose  the  efficient  ambulacontl 
area,  which  thus  becomes  like  an  eloiwated  simple  leat  In 
other  oases  the  imperfect  area  is  "  open  "  below,  the  lines  of  porM 
not  converging,  but  simply  dying  out.  It  may  be  remembered 
that  each  pair  of  pores  represeuta  one  of  the  Uttie  "tabe-ieet" 
of  the  living  a;  ' 
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/niffwmftuZaefW  onoi. — Between  the  ftmbalAond  BWiea  of 
plftteB  lie  five  mtemmbulMiral  series,  each  kIso  typically  oompoied 
of  two  rows  of  platen,  which  are  larger  and  consequently  less 
nnmerouB  than  the  ambulacral  plates  against  which  they  abnt  oa 
either  aide.  Only  in  the  early  types  of  eohinoids  has  the  teat 
more  or  lesa  thut  20  tows  of  plates,  and  in  almost  all  these 
oases  it  is  the  interambnlacral  series  that  varies. 

Apical  Diae. — A.  serieH  of  plates  at  the  apex  of  the  test^  and 
snrroimdiiig  the  anal  apertare  when  this  is  apical  Each  ambn- 
lacral  area  terminates  here  in  a  plate  which  bears  a  minute 
perforation,  once  connected  with  a  sensenirgan.  Between  these 
five  oeviar  platea  are  fire  geiiiiai  platet,  larger  and  generally 
with  a  larger  aperture.  One  of  these  geni^  ^ates  ia  perforated, 
however,  over  all  its  sur&ce,  in  addition  to  the  principal  aper- 
ture, and  forms  the  mad/rapone  jiiaU  or  tulm-eie,  which  admita 
water  into  the  atoae-conal  of  the  animsL 

The  genital  plates  are  thus  interambnlacral,  and  the  madre- 
poric  p^te  lies  just  to  the  right  of  the  anterior  ambulacral  area. 
Thus,  even  in  iomiE  where  the  mouth  is  central  and  the  anna  is 
not  posterior,  but  apical,  the  madreporic  plate  will  serve  to 
indicate  the  anterior  portion  of  the  t«st. 

In  the  suS-group  of  the  "  Irregulares,"  the  posterior  genital 
plate  is  often  alaseDt. 

Accessory  plates  may  occur  in  the  apical  disc  when  the  anus 
ia  not  included  in  it;  and  sometimes  the  "ditic"  ceases  to  b& 
diso-lilce,  the  three  anterior  ambulacral  areas  (or  tnvium)  meeting 
in  advance  of  the  two  posterior  {or  bivium),  the  connexion  being 
maintained  by  a  group  of  smaller  platea  (fig.  123). 

The  plates  of  the  test  may  be  ornamented  with  luberelee,  large 
or  minute.  The  prindptJ  ones,  which  may  be  handsomdy 
developed,  as  in  Ciaoria,  bear  the  spines,  and  have  sometimes  in 
their  apex  a  circular  pit,  which  does  not  perforate  the  test,  but 
which  causes  them  to  be  termed  " perforate "  or  "imperforate." 
The  beak-like  appendages  called  "  pedicellaris "  are  in  living 
forms  found  attached  to  the  smaller  granulations. 

The  Spinet  may  be  small  and  easily  broken  up,  but  in  some 
genera  are  massive  and  even  longer  than  the  diameter  of  the 
teat.  Their  rhombohedral  caloite  cleavage  makes  them  difficult 
to  extract  entire.  They  are  commonly  found  detached  from  the 
tubercles,  on  which  they  are  jointed  and  held  by  ligaments 
daring  life.  A  common  mode  of  ornamentation  of  the  spinea 
oonaists  of  granulated  or  serrated  little  ridges  running  longi- 
tudinally down  tiiem. 

lAStly,  to  form  any  conception  of  the  true  characten  of  tiie 
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«chinoid  teat,  study  mtut  be  made  of  recent  examplee,  when  it 
vrill  be  seen  how  the  great  mHu  of  spines  ooaceaU  the  features 
(ambulacral  groovea,  tubercles,  &o.)  by  which  the  palnontologiat 
ia  accnstomed  to  define  hia  genera.  A  practical  illiistratiT« 
cpecimen  may  be  prepared  by  aelecting  a  modem  Spatangue  and 
rubbing  off  the  apines  lightly  with  the  finger  from  one  half  of 
the  teat,  leaving  the  other  oovered.  Two  of  the  petaloid  ambn- 
lacral  areaa  and  half  of  the  anterior  one  will  thus  be  espoeedt 
and  will  sarre  to  explain  the  appearances  seen  in  foaail  examples.* 

8ub-grovf)  1 — BEODLi.BBs. — In  these  echinoids  the  five  amba- 
lacral  and  the  five  interambulaoral  areoa  are  each  composed  of 
'  two  rows  of  plates,  staking  twenty  rows  in  all.  The  ambulacra 
«Te  perfect,  and  therefore  never  petaloid.  The  oral  aperture  is 
in  the  centre  of  the  base,  aud  the  anal  aperture  it  at  the  apex, 
and  ia  thus  included  in  the  apical  disc 

Echinns.  —  Test  hemispherical  and  thin-walled.  Taheroles 
similar  on  both  kinds  of  areas,  and  all  &irly  small  and  simple. 
Ambulacral  plates  formed  by  the  union  of  three  primary  plates, 
And  hence  each  bearing  three  pairs  of  pores,  which  are  grouped 
across  the  plate,  not  vortically  under  one  another.  Hence  threa 
bands,  each  formed  of  a  series  of  pairs  of  pores,  run  up  each 
margin  of  the  ambulacral  areas  (p,  382).  Spinea  amiial  and 
simple  in  form. 

Gretaeetnu  to  Recent. 

CyphoBoma. — ^Test  oironlar  in  horizontal  section;  flattened 
above  and  below.  Tubercles  with  radial  notches  on  the  base, 
but  without  apical  pit  ("imperforate");  the  principal  and  large 
ones  form  two  rows  on  each  of  the  ten  areas  of  the  test.  From 
thia  cause,  and  in  width,  the  two  kin4B  of  area  much  reaemble 
one  another.  Ambulacral  platea  compound ;  but  the  pairs  of 
pores  form  a  single  band,  except  near  the  apex  and  the  mouth. 
Apical  disc  generally  loat^  the  npper  aperture  being  consequently 
large,  and  the  test,  aa  found  fosail,  almost  annular  (oompare 
Oidaria).     Spines  long. 

Jvfrauie  to  Ewxne.     But  almost  entirely  Uppw  CrOaeeoua. 

AoTOsalenia — Teat  small;  form  depressed  spberoidaL  Intei^ 
ambulacra  rather  larger  than  the  ambulacra,  both  kinds  of  areas 
bearing  two  rows  of  "  perforated  "  tubercles  with  radially  notched 
bases.  Fairs  of  porea  forming  only  one  row  on  each  ambulacral 
margin.  The  interambulacral  tubercles  are  the  larger.  A  dis- 
tinguishing point  is  the  intercalation  of  sereral  firm  platea  in. 

*  For  an  Important  revision  of  the  ScfcinoidM,  i«eP.  M.  Tinaxma,  Janm. 
Xmmi.  Sot.,  Zdology,  vol.  xxilL  (1800).  p.  t. 
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the  central  u«4  of  the  apical  disc,  whereby  the  uiftl  apertnte 
becomes  thrust  to  the  posterior  side.     Border  of  month-aperture 
notched.     Spiaee  rather  thin. 
Lias  to  Ltwer  Creiacwaa. 


Cldarls. Teat  Stitlj  large;    form   flattened   spheroidal,  not 

perceptibly  conical  tovards  the  apex.  Ambulacral  areaa  very 
narrow,  forming  wavy  curving  bands,  with  only  a  Bingle  row  of 
pairs  of  pores  on  eadi  mai^in.  Commonly  two  small  tubercles 
on  each  ambulacral  plate.  Interambulacra  wide,  with  boldly 
developed  tubercles,  which  are  commonly  "perforated,"  and  are 
sometimes  notched  at  the  base.  Apical  disc  commonly  lost,  a 
Urge  aperture,  like  that  of  the  mouth,  being  left  (compare 
Oyphoooma).  Spines  thick,  massiTe,  of  very  various  form,  long 
or  short,  spemes  of  Cidaris  having  been  named  &om  these 
peculiarities. 

Permian  to  Rteml,  tliminiBhing  thronghout  the  Ounozoio 


Sub-Orovp  2 — iRBEODLARsa — In  this  sab-group  the  radial 

rmetry  Uiat  prevails,  except  in  minute  details  of  the  apical 
J  throughout  the  sub-group  of  the  Eegulares,  gives  place  to  a 
distinctly  bilateral  symmetry,  the  plane  of  symmetry  passing 
through  the  oral  and  anal  apertures,  the  anterior  ambulacral 
area  and  the  apex.  The  anus  is  not  included  in  the  apical  disc, 
ajtd  ocours  sometimes  even  on  the  basal  surface.  The  apical  disc 
shows  irr^ularities,  the  posterior  genital  plate  being  often  absent. 
The  oral  aperture  itself  may  be  excentric.  There  are,  as  in  the 
Begnlares,  only  20  rows  of  plates  in  all;  bat  the  pore-bearing 
parts  of  the  ambulacral  series  frequently  form  petaloid  areas. 

EchlttOCOnOB  (Qalerites). — Conical ;  flat  at  base,  which  has  an 
ODtline  approaching  pentagonal  Oral  aperture  in  centre  of 
base,  without  masticatory  apparatus ;  anal  aperture  also  on  the 
base,  but  close  to  the  posterior  margin.  Tubercles  "perforate," 
minute,  and  numerous  over  all  the  test.  Ambulsicral  areas 
perfect,  narrow,  the  pairs  of  pores  forming  single  marginal  rows 
except  on  the  base,  where  they  become  crowded  so  as  to  form 
three  rows  on  each  side.  The  posterior  genital  plate  is  im- 
perforate.    Spines  small,  rarely  seen. 

Cr^aeeotu. 

DUooidea.  —  Hemispherical,  sometimea  flattish;  base  flat. 
Apertures  as  in  Qalerites.  Tubercles  "  perforate,"  imalL  Am- 
bulacra perfect,  narrow,  with  only  one  row  of  pairs  of  pores  on 
each  margin.    Foiterior  genital  plate  imperforata  in  moat  spedes. 

36 
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The  eaMntikl  cbanutot-  is  the  occnrrenoe  <^  ten  low  ridgw  raAi^- 
ating  on  the  interiov  of  the  base  from  the  oral  aperture  to  th» 
lateral  walls  of  the  test,  and  leaving  ooTreapondiiig  grooTCS  on 
oaata. 

Cretaceous. 

Fygaster. — Depressed  hemispheroidal,  -with  flat  base,  which  w 
roundly  pentagonal  in  outline.  Oral  aperture  central ;  anal 
aperture  large  and  on  upper  surface,  behind  the  apex,  beii^ 
narrower  at  ita  anterior  and  broader  at  its  posterior  ana. 
Tuberoles  amall,  "perforate."  Ambulacral  areas  much  aa  ia 
Diacoidea.     Posterior  genital  plate  absent 

Juraatic  to  Cretaeeoiu  ;  also  one  JSwent  speciea. 

BcnteOft. — This  is  an  example  of  the  eztremalf  disooidal  and 
flattened  echinoida  prevalent  in  some  Cainozoic  deposits.  Bas» 
tlat ;  upper  surface  only  slightly  convex ;  internal  space  much 
reduced.  Posterior  margin  straight,  or  with  a  central  notch. 
As  the  test  grows,  an  indentation  on  its  edge  may  increaiie  in 
importance,  until  at  lost  the  test  rc'unites  on  either  Ride  of  it, 
leaving  it  as  a  perforation.  This  remarkable  feature  is  paralleled 
by  Fygope  among  the  braohicpoda.  Mouth  central ;  anus  smsll, 
mid  on  the  posterior  margin.  Tubercles  minut&  Ambulacra 
pataloid.     Posterior  genital  plate  absent, 

Oliffoeen«  and  Miocene. 

Hie  next  aix  genera,  like  Ualerites,  were  unprovided  with  a 
masticatory  apparatus. 

EchinobmBiiB.^Form  approaching  hemispherical,  but  rather 
depressed ;  base  slightly  concave,  with  an  almost  straight  bor>- 
der  between  the  two  posterior  ambulacra.  Tubercles  smaU. 
Oral  aperture  slightly  in  advanoe  of  the  centre;  anal  on  the 
awer  surface,  just  behind  the  spex,  and  lyii^  in  a  groove  that 
widens  posteriorly.  Ambulacra  imperfect,  with  nearly  parall^ 
ndes,  open  below ;  outer  pore  of  each  pair  elongated  and  alit-liko. 
Hie  posterior  genital  plate  is  imperforate. 

Jwnune  to  Recent;  oharacteristically  Middle  Mesoxoie. 

dypens. — Oloae  ally  of  Echinobrissua  Test  larger  flattened. 
TubercleB  small.  Apertures  as  in  Echinobrissas ;  but  anal 
groove  sometimes  wanting.  Ambulacral  areas  rather  broad,  im- 
perfect, open  below,  but  contraoting  near  the  base.  Outer  pore 
of  each  pair  long  and  slit-like.  Apex  slightly  posterior:  poa- 
terior  genitid  plate  imperfbrate ;  maidreporie  plate  central  in  ttaia 
apical  disc,  while  the  posterior  ocular  plates  ara  extended  M>  an  ' 
to  reaidi  the  anal  are^ 
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CoDyritea  (fig.  123).— Test  ovoid,  with  mther  fi&ttenod  base. 
Tubercles  minute.  Oral  apertnre  rather 
in  front  of  the  centre ;  anal  aperture  on 
poBterior  lateral  sur&ce.  The  striking 
character  lies  in  the  extension  of  the  apical 
disc  and  its  accessory  plates,  so  aa  to  form 
an  elongated  band  running  along  the  line 
of  symmetry ;     hence   the  three  anterior 


divided  from  the  other  two  (the  "Diviuno"), 
which  enclose  on  the  p<»terior  surface  an 
area  around  the  anus.  Ambulacra  narrow 
-  CoUyriUi     and  perfect 

ticordata  (Conlline        JurcuM  &ad  Loaer  Cretaeaous. 

OoUte).       Showing        EchinocoTys  (AnanchyteB). — Teit  convex 

^    ^^b^^    at     above,  with  rather  vertical  Bides;  oral  in 

the  apex,  horizontal  section;  base  flat.      Tubercles 

minute.     Oral  aperture  near  the  anterior 

margin;  anal  aperture  near  the  posterior  maj^o,  and  also  within 

the  base.     Ambulacral  areaa  fairly  wide;  petifeot.     Posterior 

genital  pUte  absent. 

UppT  Cretaceous. 

Holaster. — form  heart-shaped,  i.e.,  oval  when  viewed  from 
above,  with  a  broad  notch  anteriorly  and  a  sharper  posterior 
termination.  Upper  surface  convex;  base  flat.  Tubercles  smalL 
Oral  apertnre  near  anterior  margin ;  anal  aperture  on  the  pos- 
terior lateral  surface.  Ambulacra  perfect  (compare  Micraster, 
which  has  a  similar  form);  the  anterior  ambulacral  area  lies 
in  a  welt-maided  groove,  which  oontinuea  round  to  the  mouth- 
apertnre.     Posterior  genital  plate  absent. 

Crtiaaeous. 

Mlcnuter. — Form  muoh  lite  Holaster;  typically  heart-shaped;. 
Bometimes  more  acute,  sometimea  slightly  truncated,  at  the  pos- 
terior end.  Tubercles  BmalL  Apertures  as  in  Holaster;  the 
test  projeota  forward  from  behind  the  mouth-aperture  so  as  to 
form  a  short  covering  below  it.  Pore-bearing  areas  set  in 
groovea,  the  paired  ones  petaloid  ;  the  three  anterior  areaa  are 
longer  than  the  posterior.  An  anterior  groove,  in  whioh  the 
unpaired  ambulacrum  lies,  runs  from  apex  to  mouth  aa  in 
Holaster.     Posterior  genital  plate  absent. 

t^pptr  Cniaeeout  to  Mtoeena. 

Note. — Spatangrus,  s  Oainoteie  and  oommon  Uring  form,  ratemble* 
lfi«vaater,  Dot  hu  Is^r  intenaboUor^  tobercla  on  the  opp«r  RarfMo^ 
while  Iba  aDtarior  nnpaiisd  ambalaarmn  is  oaly  faeUy  rapnwuited  in  it* 
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Svh-ffroup  3 — Palbohiitoidea. — The  remuns  of  s&rly  echinoids 
ar«  n.re,  and  the  vsrions  genera  have  been  collected  by  Zittel 
into  this  diviaion,  to  which  he  oppoies  the  "  £aechiaoide&,'' 
aab-divided  into  Regulares  and  Irregulares.  Some  Palechinoids 
seem  to  have  had  teata  with  plates  that  moved  alightly  on  one 
another,  so  th&t  the  whole  could  be  deformed  hy  preieure  with- 
ont  fracture,  as  is  the  case  in  the  exceptional  living  enechinoida, 
Aithenofioma  and  Phormosoma.  Moreover,  their  most  atriking 
oharacteriatio  is  a  deviation  from  the  normal  nnmber  of  twenty- 
rows  of  plates. 

Thns  FalsBchlnaB  (Qotlandian  to  Carbontferotu)  is  a  spherical 
form  with  five  normal  and  perfect  ambulacral  areaa ;  but  tb« 
interambalacrals  are  wide,  and  each  is  formed  of  four  to  seven 
rows  of  plates. 

Archaoddaris,  again,  of  the  Carboni/eroua,  has  fair-aized  tu- 
berclea  on  the  interambnlacra,  and  wavy  narrow  ambulacra, 
■aggesting  those  of  Cidaris ;  but  there  are  from  three  to  eight 
rows  of  plates  in  each  interambulaoral  area. 

Meloaltes,  also  Cathom/erova,  has  supemumeraiT  rows  of 
platea  in  both  the  ambulacral  and  the  interambidacnu  areas. 


E.    Abtbboidsa. 

The  members  of  this  group  are  of  leas  assistance  to  the  geo- 
logist than  is  the  great  group  of  the  Echinoids,  owing  to  the  ease 
with  whioh  their  hard  parts  become  separated  and  dispersed. 
Passing  over  the  allied  Ophinroidea,  in  whioh  the  long  arms 
contain  no  prolongations  of  the  viscera,  we  may  note  that  the 
arms  of  the  Asteroidea,  or  true  Star-fishes,  contain  nmnerous 
skeletal  ossicles,  which  give  them  at  times  considerable  solidity. 
There  are  thus  the  little  amindaoral  oeeicles,  which,  by  meeting  in 
pairs  so  as  to  form  a  ridge,  cover  the  ambulacral  vessel  that  runs 
down  the  under  side  of  each  arm.  Beneath  this  ridge,  and  thns 
in  the  groove  formed  by  it,  the  tube-feet  of  the  star-fish  lie 
daring  life.  At  the  lateral  margins  of  each  ann  are  often  two 
rows  of  margituti  oaidet,  one  above  and  one  below,  each  pair  in 
contact.  These  ossicles  are  typically  convex  ontwardly,  often 
ornamented  with  grannies  or  spines,  and  flat-sided  where  they 
abut  against  their  neighbours,  whether  of  the  same  or  the  adjoin- 
ing row.  At  the  base  of  the  ambulacral  ossicles  a  row  of  adam- 
bulaenU  oaaicU*  always  occurs.  Accessory  plates  may  be  formed 
on  the  back  of  the  arms,  or  between  the  marginals  and  Uia 
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adombulacrels.     The  marginal   ouiclea   are    not  nnfimiuentl; 
found  in  fossil  deposits. 

FaloaBter. — Form  like  the  common  Star-fish  (Asterias  or 
Asteracanthion),  with  deep  ambolAcral  grooTU.  The  ambnlacral 
oasicles,  unlike  any  modem  form,  are  altemaite,  not  oppoiit«^  on 
the  two  sides  of  the  groove.   Marginal  and  dorsal  oBsicles  present. 

Camt^-ian  to  Carboniferout, 

Frotaster  of  the  Gotlandian  and  Carboniferottt  is  an  Ophinroid. 

Astropecten.  —  Form  like  the  common  Star-fish,  but  with 
tbroagly  developed  marginal  ouicles. 

Liat  to  lieesnt. 

Ooniaster. — In  this  ^pe  the  form  closely  t^prozimates  to  a 
pentagonal  disc,  through  the  extreme  shortness  of  the  arms;  the 
notch  between  one  arm  and  the  next  is  represented  merely  by  a 
shallow  concavity,  along  which  marginal  ossicles  form  a  firm 
border.  Between  these  ossicles  and  the  small  ambulacral  areas, 
with  their  adambulacral  and  ambulacral  ossicles,  are  abundant 
accessory  plates,  thus  covering  five  intervening  triangular  areas. 
The  dorsal  surface  is  also  covered  with  accessory  plates.  This 
genus  is  consequently  represented  by  fairly  coherent  specimens. 

Jurasnc  to  BtcerU.    Fairly  common  in  the  CretaeeovM. 


XIIL  Annelida. 

The  diviuon  of  the  Annelida  is  largely  represented  by  the 
borings  of  marine  genera  in  sands,  which  have  hecomo  converted 
into  cylindrical  casts  by  the  deposition  of  material  during 
subsequent  rising  of  the  tide.  Sometimes  the  infilling,  as  ia  the 
very  early  examples  in  the  qttartzites  above  the  Torridon  Sand- 
stone, is  conspicuous  by  consisting  of  a  sand  either  more  or  less 
ferruginous  than  that  into  which  the  animal  bored.  If  this 
infilling  becomes  consolidated  more  firmly  than  its  surroundings, 
the  cross-sections  of  the  casts  may  stand  oat  on  weathered 
surfaces  of  the  rock  as  little  circular  discs.* 

The  specimens  of  such  borings  from  Sutherland  and  Boss^bir^ 
as  above  described,  and  from  the  qusrtzite  of  the  Wrekin  ridge, 
may  claim  to  be  among  tbe  very  oldest  fossil  remains. 

The  tabe-building  worms  natnrally  leave   abundant  traces. 

e  Sir  J.  W.  DawMiw 
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ThnB  Seipvla  haa  a  calcareouB  tube,  often  irregnlarl^  coTmg&t«d 
on  the  Burfaoe,  o&d  very  variouBly  curved ;  the  tube  coDunonly 
appears  as  if  creeping  forward  in  the  fEiahion  of  a  moving  worm. 
It  is  nsnally  fixed  to  other  bodies,  being  thna  often  seen,  fbr 
example,  on  the  teste  of  Chalk  eohinoidX  Common  from  the 
Jtirtuaic  to  the  present  day. 

DitrnpB  forma  an  unattached  Dimply  curved  tube,  open  at  both 
ends,  vhioh  closely  resembles  the  scsphopod  Dentalium.  From 
this  it  may  sometimes  be  distinguished  by  irregularity  of  curvar 
ture,  and  by  being  ornamented  only  on  the  side  that  was 
uppermost  during  life  {ZtUdy 

Cretaetoue  to  Heeeiit. 


OHAPTEE    XXVIL 

VOBBIL     QKHBSIG     TTPXB. 

XI7.  Arthnqioda. 

Fbou  a  stratigraphical  point  of  view,  the  Arthropoda  become  less 
important  in  Cainoxoic  deposits  than  they  are  in  the  FalsOEOic, 
and  hence  the  earlier  types  of  Crustacea  or  "  Arachno-Cruatacea," 
which  are  often  grouped  together  in  the  heterogeneous  division 
uf  the  Eutomostrsca,  must  claim  our  chief  attention.  Their 
common  character  is  a  variable  number  of  body-segmentB 
(^SomiUt),  coupled  with  a  simple  type  of  organisation. 

A.    Obtbaooda. 

These  little  cmstaoeans  have  never  more  than  7  pairs  of  limbs, 
and  are  enclosed  in  a  bivalve  Shell,  which  corresponds  to  the 
shield  formed  by  the  iinioa  of  the  segments  of  the  head  and 
thorax  in  the  Malacostraca.  This  sheU  is  kept  closed  by  a 
muscle.  Its  surface  is  smooth  or  variously  marked,  often  with 
hemispherical  knobs,  and  its  small  oval  form  is  characteristia 
The  valves  of  ostracoda  are  seldom  liable  to  be  confused  with 
ttiose  of  young  lamellibranchiata  (see  fig.  124).  The  shell  ift 
«hitinous  or  calcareous. 
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Singt'iordtr.^Tha  line  of  junction  of  the  two  valves  along 
irhich  they  remain  united.  Little  teeth  sometimes  occur  upon 
the  hinge  (fig.  124,  c). 

Vantral  border. — The  lower  border,  towards  wMch  tlie  limbs 
of  the  oatraood  are  directed  during  life. 

E;/»-ipot. — A  fairly  hemispherioil  tubercle  occurring  in  some 
genera  on  the  anterior  part  of  the  valve,  and  indicating  the 
position  of  an  eye. 

The  Ostraoods  are  mostly  Marine  j  fresh  o?  brackish  water 
forms  will  be  specially  indicated.* 

CypriB  (fig.  124,  a}.— Shell  small,  partly  horny,  and  thin.  Left 
valve  the  I&rger.  Oval,  or  rather  bean-shaped ;  ventral  border 
commonly  somewhat  concave.     So 


Kg.  125.— S«y-    Tig.    138.— iapenKtia 
ricMa    (Ordo-  it^flata  iCi.noDiin- 

vioiMi).  oat),    Natanl  sne 

■hoini  In  oentn. 


Fig.  124. — a,  Oypnt  pmiecketi- 
m  (Lower  Purbeek  fled»). 
The  left  valve  U  towarda  the 
obeerver.  6,  Ctfpridea  punc- 
tata, v&ri  ffObom  (Middle 
PDrbeck).  Left  vnlve.  e, 
Ot/there  relirugata,  var :  ruffo- 
lata   (Lower   Pcu'beck).     In- 


teeth.  Snr&ce  generally  smooth, 
and  pierced  wiUi  minute  holes. 
Fiesb- water. 

Pwrbtck  to  ReeenL 
Cypridea  (fig.  124,  ().  — Like 
Cypris,  but  shell  bearing  a  little 
beak-like  process,  with  a  notch 
r  of  left  v^VB,  showing  behind  it,  at  the  anterior  end  of 
^^.h-ofErSf?".™'.;;:  tl„v„t„lbori„.„Tb.„.  •■ 
a  tooth,  folloifed  by  a  bar-  common  Uypnda 
like  ridge,  which  tenninatea  Fnsh-water. 
in  »  posterior  socket  for  the  Purboek  to  Wutld&n. 
porter«»  tooth  of  the  right  Cypridtoft.— SheU  small,  thin, 
valve.       (The    three    flgnree     i  i  «_  i       T^i 

after  Prof.  Enperi;  Jone*.!  ^omy  or  calcareous.     Oval,  with  a 

prolongatioa  near  the  middle  of  the 
anterior  border,  beneath  which  a  notch  occurs. 

*  For  intereitiiig  deacripttons  and  figures  of  Purbeek  and  Wanldo)  frnns 
•M  T.  Rupert  Jones,  Qwit.  Jovm.  Otol.  8oe.,  13W,  p.  SIl. 
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Caifhonif§r(ma  to  Beoent.     Common  m  Carboniftroat. 

Cythere  (fig.  124,  c).— Shell  thick,  oval,  or  wmewliKt  reot- 
angular;  often  very  highly  omatnented  with  knoti  or  Bpinee. 
Bight  Talve  with  a  tooth  at  each  end  of  the  hinge-line,  and  a 
pit  and  horizontal  groove  between  them;  left  valve  with  terminal 
pits,  a  ridge,  and  an  anterior  tooth. 

Ootiandian  to  RecenL 

Primitia. — Shell  small,  thick,  elongated  oval;  bat  hinge-border 
straight.  Not  always  eqnivalve.  A  farrow  runa  on  the  surface 
from  the  hinge-border  vertically  towards  the  ventral  border, 
sometimes  reaching  as  far  as  the  centre  of  the  valve. 

Cambrian  to  Carbonifervui.  Especially  Ordovioian  and  Got- 
landian. 

Beyrlchla  (fig.  12S). — Shell  thick,  surface  distinctly  convex; 
straight  hinge.  Somewhat  truncated  anterior  and  posterior 
borders,  and  convex  ventral  border.  Surface  divided  by  strong 
fairly  vertical  furrows  into  markedly  convex  lobes,  which  com- 
monly unite  below;  the  marginal  area  is  smoother. 

Cambrian  to  Ccvrboni/trout.  Especially  Ordovieian  and  Got- 
landian. 

Leperdltia  (fig.  126). — Shell  lai^e  (attainiDg  2  cm.  in  length), 
thick,  rather  bean-shaped ;  straight  hinge-border,  and  convex 
ventral  border.  Anterior  border  shorter  than  posterior.  Bight 
valve  larger  than,  and  lapping  somewhat  over,  the  left.  A  small 
eye-spot  occurs  near  the  hinge-border. 

Oambrian  to  Carboni/srmtt.  Especially  OrdovKtan  and  Got- 
kmdian. 


B.  Phyxlopoda. 

The  animal  is  more  distinctly  segmented  than  in  the  Ostraooda, 
and  the  thoracic  limbs,  often  numerous,  are  flattened  and  leaf- 
like, each  dividing  into  two  flaps  at  the  end.  Many  genera  have 
a  covering  that  recalls  the  ostracod  shell.  Compare  also  the 
Phyllocarida. 

Estheiia. — Shell  bivalve,  thin,  sometimes  partly  oalcifled,  but 
commonly  homy,  with  a  polished  ap]>earance.  A  small  rounded 
umbo  occurs  near  the  anterior  margin;  hinge-line  toothless  and 
straight.  Ventral  border  convex.  Surface  in  most  species 
fioDcentricaUy  ribbed  ;  sometimes  smooth. 

Prof.  T.  Rupert  Jones*  remarks  that,  while  Eitiierin  hava 

*  FomS  SiDieria.    Falnont.  Souety,  1862,  ^  18  and  U. 
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often  been  mutal:eQ  fbr  imtill  formB  of  Avicolk  and  Ftxidonoin;^ 
their  homy  appeannoe  will  distinguish  them  from  the  former^ 
while  there  is  also  an  absence  of  any  bending  out  of  the  con* 
centric  markingB  towards  an  ear,  euoh  aa  Avionla  possemes. 
The  valves,  moreover,  sre  rarely  so  quadrate  in  form  as  thoa» 
of  Posidonomva. 

Fresh  and  BraoklBh  water;  but  early  forms  are  found  assooiated 
with  Marine  fossils,  perhaps  owing  to  floods,  perhaps  trough 
difference  of  habit. 

DtvonUtn  to  Mae&nL    Fairly  common  in  the  Tria$. 

C.   Tbilobita. 

Owing  to  the  abeolute  extinction  of  the  whole  order,  th» 
relations  of  the  Trilobites  to  the  well-defined  Crustacea  and  to 
tiie  Araohnida  have  remained  somewhat  obscure.  Thanks  to 
the  work  of  Messrs.  E.  Billings,*  0.  D.  Waloott,t  and  J.  Mickle- 
borough,!  the  appendages  of  the  genera,  Asnphus,  Calymene, 
Cheirums,  and  Acidaspis,  are  now  fairly  known  j  while  Mr. 
Beecher  has  examined  them  in  Trinucleua  and,  with  signal 
■nccess,  in  TriarthruB.§  Dr.  Oehlert  has  recently  summarised 
the  results  of  these  researches  (BvU.  Soe.  ffiol.  de  Fraitee,  3me 
tin.,  t.  xxiv.,  p.  97} ;  and  it  has  been  pointed  out  that  Linneus 
observed  antenna  in  a  specimen  of  Farabolina  as  far  back  as 
1759  (see  Q«^  Mag.,  1896,  p.  142;.  The  verification  of  these 
in  Triarthnu  has  led  to  the  retention  of  the  trilobites  among 
the  Crustacea;  and  Mr.  H.  M.  Bernard  sees  in  Apus  their 
nearest  living  representative. 

The  hard  covering  of  the  trilobites,  which  is  all  that  ordinarily 
remains  to  us,  can  be  clearly  divided  into  three  parts,  the  nomen- 
clature of  which  has  depended  upon  the  classihcatory  position 
taken  up  by  sucoessive  palteontologisttt.  The  supporters  of  the 
arachnid  view  employ  " cephalo-thorax,"  "abdomen,"  and  "post- 
abdomen"  or  "pygidium";  the  rival  school  uses  "head,"  "thorax," 
and  "pygidium."  To  avoid  confusion,  and  to  carry  forward  tho 
same  nomenclature  when  writing  of  the  Merostomato,  we  pro- 
pose to  speak  of  the  " head- shield,"  "body,"  and  "pygidium." 
This  is  practically  the  |dan  adopted  by  Mr.  H.  M.  Bernard. 

Head-shidd  (fig.  127). — This  portion  is  approximately  aemi- 

eiroalar,  and  is  not  broken  up  in  the  adult  into  truuivens 

*  Owirf.  Jown.  QeaL  Soe.,  vol.  xxtL  (1S70),  p.  470. 

tBeprintad  li. 
tAm.  Joiint,S 
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segments.     It  haa  cnrred  anterior  (ot  fimUai)  xaS  lalerat  bonhn, 

forming  on  outwardly  convex  margin ;   while  it  has  fta  almovt 

stiwght  posterior    or  oo- 

eipital    border,    where    it 

joins  the   first    bodj-aeg- 

^       meat    An  occipiltUJurrow 

jj-     often  ocoars  in  the  head- 

^yy^C  "      sUeld  parallel  to  and  near 

~  •         this  border.      The  shield 

y-*  is  folded  over  below  its 

front    margin,   so    fts    to 

extend  a  little  way  back 

towards  the  mouth. 

In  young  forms,  the 
original  five — or,  in  some 
cases,  four — segments 
composing  the  head-shield 
have  been  traced. 

GlabdLa. — The  convex 
elevated  portion  of  the 
head-shield  reaobing  irom 
the  centre  of  the  oooipital 
border  nearly  to  the  ao- 
teriorborder.  Theglabetlft 
varies  in  form,  and  some- 

fis.  IS?. — Trilobite  {Dalmama  randata ;         i  -  .  .       .   > 

Wsnlook  Beds).    H,  He»d-.hUld;  T,  '''"'=''  "■""  approwmately 

Body-wgineiiti ;    F,    Pjgidiam.      «,  atnght  angles  to  its  sides; 

Eye.    fi:.c.  Fixed  oheok.     fr.c.  Free  they  thus  divide  its  edges 

ohoek.    /s,  Facial  Butnre  {starting  in  jnto    lobei,    and   probably 

th«  gkbelU).     g,  GlabeUa  (baaring     segmentation. 

lateral  fnrrowB).    ;il,  Pletua.  Facial    Sutum. — Fine 

lines  sf  junction  between 
the  two  parts  into  wbiob  the  area  on  either  side  of  the  glabella 
can  be  divided.  Each  of  the  two  facial  sutures  arises  at  some 
posterior  point  of  the  border  of  the  head-shield,  runs  forward 
between  the  glabella  and  the  eye,  and  either  termitiHtes  by 
cutting  across  the  anterior  border  (fig.  128),  or  by  meeting  its 
fellow-auture  in  front  of  the  glabella  (fig.  132).  Occasionally  in 
itbe  former  case  an  additional  suture,  the  marginal  sulure,  runs 
£rom  one  facial  snture  to  the  other  ali'ng  the  anterior  part  of 
the  h^-shietd  This  ooonrs  in  Oalyueue,  Pantdozides,  and 
lUnnus.  '  .  . 
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Fiaad  Chtekt. — ^The  areu  on  each  side  of  the  glabella  between 
it  and  tlie  facial  suture. 

Free  Ch«e&a. — The  portious  of  the  bead-shield  between  the 
facial  Bnturee  and  the  outer  margin.  These  tiro  parts  may 
become  detached  after  the  death  of  the  animal,  and  are  oflen 
seen  to  have  shifted  away  slightly  from  the  fixed  cheeks. 

Fyei. —  These  are  pometimeB  absent  (fig.  130),  sometimoB 
represented  only  by  papilla;  but  they  are  commonly  present  as 
two  Somewhat  orescenUc  elevstions,  occasionally  supported  on  a 
stalk,  and  are  covered  with  numerous  facets,  eadi  of  which  was  a 
lens  (figs.  127  and  135).  As  above  hinted,  they  occur  on  the  free 
cheeks,  close  against  the  &cial  suture,  where  it  approaches  the 
side  of  the  glabella. 

Sypoatome. — The  anterior  portion  of  the  head-shield  is  bent 
over,  and  may  form  a  broad  crescentic  plate-like  surface  on  the 
nnder  side,  between  tte  sjiterior  end  of  the  animal  siid  the 
,  position  occupied  by  its  mouth.  A  small  plate,  of  variooa  form, 
often  occurs  before  the  mouth,  with  its  anterior  border  in  contact 
with  the  edge  of  the  folded-over  head-shield,  and  its  other  borders 
free.  This  is  the  Hypostome  (fig.  133),  representing  the  labrum 
that  overlaps  the  front  of  the  mouth  in  higher  Crustacea. 

Body. — The  portion  between  the  head-shield  and  the  pygidium. 
It  consists  of  a  very  variable  number  of  segments,  which  were 
movable  on  one  another,  so  that  in  some  genera  the  animal 
eoald  coi)  itself  up  after  the  manner  of  a  wood-louse.  Two 
longitudinal  furrows  or  depressions  run  down  the  body,  one 
starting  on  each  side  of  the  glabella,  and  corresponding,  in  fitct, 
to  the  depressions  which  divide  the  glabella  from  the  cheeks. 
£ach  body-segment  is  thus  marked  ouo  into  a  central  convex 
part,  the  annulua,  and  a  flatter  and  commonly  broader  portion 
on  each  side.  The  latter  areas  form  the  pleura;*  they  are 
generally  marked  with  a  groove,  or  a  ridge,  from  the  annolus 
outwards,  and  often  terminate  in  spines  (fig.  128).  The  convex 
ridge  formed  by  the  series  of  onnuli,  running  from  the  glabella 
over  the  body,  and  commonly  on  to  the  pygidium  itself,  is  termed 
the  rachi*. 

Pygidium The  shield  covering  the  posterior  part  of  the 

triiobite.  Its  outline  often  repeats  that  of  the  head-shield  (figs. 
ISS  and  133),  and  it  consists  of  permanently  united  segments. 
tlometimes  the  traces  of  the  original  segmentation  ore  perfectly 
clear  (fig.  ]3i),  and  the  rachis  generally  persists  on  it  for  some 
distance. 

*  Pleura  and  plewvi  have  alike  been  aced ;  their  respective  BnguUn  are 
pUuTtm  ttipCevtu,  Irath  at  whioh  are  good  Qieek  formi. 
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Appandaget. — Of  the  five  ptdn  of  hMul-«ppend&gei  known,  the 
first  is  a  pair  of  antenna,  their  hues  Inserted  on  the  edge  of  the 
hfpOBtome.  These  are  long  in  Triarthrus,  and  consist  of  one 
lay.  The  bases  of  the  remaining  four  pairs  were  probably  nsed 
in  mastication.  Each  body-segment  bore  a  pair  of  appendages, 
and  the  pygidiom  had  also  a  number  of  pairs  corresponding  to 
its  original  segmentation.  All  these  limbs  Kere  fixed  to  the 
inside  edges  of  the  rachis.  Tbey  were  simple  biramons  types  ; 
and  the  pygidial  pairs,  and  possibly  those  on  the  body,  served 
for  respiration  at  well  as  for  swimming.  There  is  a  gradual 
change  in  type,  from  the  anterior  body-appendages,  which 
resemble  those  on  the  head-shield,  to  the  posterior  ones,  wbick 
resemble  those  on  the  pygidinm. 

Lastly,  we  should  note  that  the  more  resisting  character  of  the 
head-shield  and  the  pygidiam  often  allows  of  their  being  fonnd 
isolated  in  rocks,  when  the  body-segments  have  become  parted 
asander  and  lost.  It  has  been  suggested  that  the  "trilobite," 
as  foand,  may  often  be  a  mere  "skin"  cast  off  by  the  animal 
during  life. 

The  Trilobites  were  all  Marine. 


FaradoxideB.^Form  elongated;  sometimes  lai^  (70  cm,  or 
so  in  length),  tapering  fiiiriy  uniformly  from  the  &ont  to  the 
pygidinm.  Head-shield  semicircular,  with  a  long  curving  spine 
running  backwards  from  each  of  its  posterior  angles.  Glabella 
rather  flat,  rounded  and  broad  in  front,  narrowing  posteriorly, 
with  lateral  fnrrows.  Facial  sutures  running  from  posterior 
to  anterior  border,  without  bending  in  any  great  degree 
towards  the  glabella.  A  marginal  suture  is  present.  Body 
with  numerous  (16  to  20)  segments,  and  with  well-marked 
trilobed  character.  Pleura  furrowed  and  prolonged  as  spines. 
Pygidinm  very  small,  the  rachis  being  continued  on  to  it  for 
a  Hhort  distance ;  a  long  spine  often  runs  out  posteriorly  on 
each  side. 

Exclusively  Cambrian.    Typically  MidiSe  Cambrian. 

Olanellas. — Resembles  Paradozides,  witii  narrower  glabella; 
iiscial  sutures  obscure  or  absent.  Third  body-segment  often 
larger  than  the  others.  Pygidinm  at  times  stylifonn.  13  to  26 
bwly-segments. 

Lower  Cambrian.* 

*8es"rhe8toryofOleneUiii,''^aliinif&i«MC,ToLL,p.M0.    Holmla 
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Olenas  (fig.  126). — Form  brottder  and  more  oml  tbaa  in 
ronidoxideB.     He&d-Bhield  broad  and  semicircular,  with  a  apine 
running  back  from  each  posterior  angle.     Gla- 
bella rather  conical,  narrowing  anteriorly,  and 
with  lateral  fnrrowB.     A  little  ridge  runs  out 
from  it  to  each  eye,  at  right  angles  to  the  axis. 
Facial  suture  running  from  posterior  to  anterior 
border,  sometimes  closely  approaching  glabella. 
Uody  with    12  to   15   segments,  which   have 
short  sharp  backward  terminations.     Pleura 
broad.      Fyeidium   small,  broad,  with  racbis       .      „      _. 
well  marked  on  it  for  some  distance.  ^fc^  S 

Exclusively     Cambrian.       Typically    Upper        ^lE^Fi^}. 
Cambrian. 

Conocoiyphe  (ConocephalnB). — Form  much  like  Olenus.  Head- 
shield  semicircular,  without  posterior  spines.  Glabella  conical, 
furrowed ;  somewhat  truncated  at  its  narrower  (anterior)  end, 
and  divided  by  deep  depressions  from  the  cheeks.  Eyes  rather 
near  the  anterior  end  of  the  glabella,  and  facial  sutures  running 
from  the  posterior  margin,  near  the  angles  of  the  shield,  inwards 
almost  to  the  glabella,  and  then  out,  widely  diverging,  across  the 
anterior  border.  Body  with  fourteen  or  fifteen  segments;  racbis 
veil  marked;  pleura  furrowed,  and  rounded  at  the  ends.  Fygidium 
small,  with  distinct  rachis,  and  with  traces  of  segmentation. 

L,  Cambrian  to  Ordomdan. 

Angelina. — Proportioos  much  as  In  Olenus,  and  head<shield 
with  posterior  spines.  Qlabella  narrowed  anteriorly,  but  smooth 
and  rounded.  Body  with  fourteen  or  fifteen  segments ;  pleura 
furrowed. 

Cambrian.  

AgnoatsB  (fig.  129). — Form  small,  elliptical,  the  head-shield 
•  »  t 

Kg.  129.— JmoiAu     tig.  iao.—Triinideu4 eoiteai.      Fig.   ISl.—ffarpu 
(Cambrian).  Irieut    (Bala   Bads).       In  FUmagiuU  (B^ 

varioni  itagoB  at  growth.  B«di). 

and  pygidiom  being  almost  similar;  both  are  rounded  at  the 
outer  eod,  with  convex  or  straightiah  sides.     Glabella  distinct. 


No  ^bB  or  fwsftt  Bstores.  Body  with  onlj  two  s^mentc 
Pysidium  with  iairly  marked  raohio,  which  bermin&tea  broadly  ; 
a  little  process  oflen  runs  oat  posteriorly  from  each  lateral 
border  of  the  pygidium ;  but  it  is  otherwise  difficult  to  distin- 
guish detached  pygidia  from  head-shieldi. 

Cambrian. 

Tmncleos  (fig.  130). — Head-shield  large  and  predominant, 
projecting  laterally  beyond  the  body  ;  semicircular  in  front,  aad 
oft«i  with  long  spines  from  the  poscerior  angles.  Glabella  and 
cheeks  smooth,  and  forming  three  strongly  convex  elevations, 
which  leave  a  broad  flat  semicircular  border  beyond  them.  Ttua 
border  is  pierced  with  minute  holes.  No  eyes  or  &cial  sntorea. 
Body  with  six  segments;  rachis  rather  narrow  and  distinct,  con- 
tinued on  to  the  small  pygidium  ;  pleura  furrowed.  The  body 
and  pygidium  are  together  smaller  in  area  than  the  head-shield. 

Ordovician. 

Harpes  (fig.  131). — This  remarkable  form  bears  some  r»- 
■emblanoe  to  Trinuclens,  having  a  similar  broad  perforated 
border  to  the  head-shield,  prolonged  backwards  in  this  case 
almost  as  far  as  the  pygidium.  Eyes  present,  but  no  (or  very 
indistinct)  facial  structures.  A  little  ridge  sometimes  runs  from 
the  glabella  to  each  eye,  as  in  Olenns.  Numerous  body  segment 
(about  twenty-five).  Pygidium  very  small.  The  flat  border  of 
the  head-shield  is  sometimes  found  detached  and  isolated. 

Ordovician  to  J}ev<mian. 


Caljmaaa. — Form'  oval,  rather  broad.  Often  ornamented 
with  little  tubercles.  Head-shield  broad,  ronnded  anteriorly; 
posterior  angles  generally  without  spines.  Glabella  convex, 
with  three  strong  pairs  of  furrows,  the  most  posterior  pair  in 
some  species  bifurcating  at  the  end.  Facial  sutures  running 
from  the  posterior  angles  obliquely  iowarda  to  the  eyes,  and  then 
across  the  anterior  border,  where  they  are  connected  by  r 
maiginal  suture.  Body  with  thirteen  segments ;  tacbis  well 
marked.  Fygidiam  rounded  and  scaroely  distinct  from  the  body, 
the  rachia  reaching  to  the  end,  and  traoes  of  segments  being 
clearly  marked. 

This  genus  ia  one  of  those  most  fi«qnanUy  fonnd  in  a  rolled 
ap  ooniUtion,  as  in  the  speoimens  from  the  Wenlook  Beds  ab 
I^idley.  The  hindmost  of  the  pairs  of  Umbi  on  the  head-shield 
is  larger  and  broader  than  the  others,  aoggestuig  iti  di&ieuti^ 
tion  into  a  special  pair  of  paddles.  , 

Ordoviewm  and  Ootlandian. 
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'  Hnsalmotos  (fig.  132).— Fonn  fairlr  long;  sotnetimea  oni»- 
noMited  with  spines.  Kead-sbield  rather  broad,  either  rouaded^ 
or  pointed  anteriorly ;  no  poa- 
torior  spines.  Glabella  com- 
monly only  feebly  marked  off 
from  the  oheeka,  and  onfurrowed. 
Facial  satores  much  as  in  Caly- 
mene,  bat  commonly  meetui'g 
-nithoat  intersecting  the  anterior 
b(Kd«r.       £ody    with    thirteen 
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Pig.  ISS.— 5mm1imio<«(  {OotUndiaii}.   Fig.  133.— J*BpAtuPotn*U(OTd^ 
Showing  facial  satnre  ooDtiauaiu         Tici&n),     With  hypoatonu. 


segments ;  raohis  not  sharply  marked  off.    Pygidium  with  raohis 
and  traces  of  segments;  pointed  posteriorly,  sometimes  ending 
in  a  short  spine. 
Ordovieian  to  JJeooman. 


Ogfgia. — Form  often  large,  ronndly  oval,  and  rather  flab  Head- 
shiald  aemioircnlar,  sometimes  with  posterior  spines.  Glabella 
rather  straight  at  sides,  widening  in  &ont>  with  four  pairs  of 
furrows.  Hypostome  not  notched  on  its  posterior  border.  Facial 
sutnres  running  from  the  posterior  border,  near  the  angles, 
obliquely  to  the  large  crescentic  eyes;  thence  they  sometimea 
cross  the  anterior  border,  but  generally  unite  iu  front  of  the 
glabella.  Body  with  8  segments;  raohis  well  marked;  pleur» 
broad,  furrowed,  not  spinose  at  the  ends.  Pygidium  about  the 
same  size  as  the  head-shield,  and  nearly  BemidrouUr,  sUghtlj 

Coogk 
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elong&ted;  iti  rachia  is  diatinct,  vith  nameroaa  wgm«iitAl 
auul:iaga  ob  it  utd  on  the  lateral  stom. 

Ordovieian. 

Asapbns  (fie.  133). — A  close  all;  of  OgygU,  uid  oftaa  Urge. 
like  Ogj'gia,  ont  nther  more  convex ;  8  ^dy-aeements.  The 
tncea  of  aegmentation  on  the  pygidiam  are  confiDsd  to  its  rachia 
or  altogether  abaenL  The  head-ahield  may  be  aharply  pointed 
in  front,  or  ssmioircular ;  glabella  commonlr  not  farrowed. 
Hjrpoatome  with  a  deep  notch  on  poaterior  border.  The  glabell* 
on  the  head-shield  and  the  racbu  on  the  p7gidiiun  may  appear 
merely  as  broadly  convex  folds. 

Ord&vieian. 

UlEenns. — Ally  of  Aaaphua,  but  commonly  more  strongly 
oonvez,  and  more  broadly  elliptical  in  outline.  Glabella  only 
feebly  indicated,  externally  without  furrowa.  Facial  auturea 
connected  by  a  marginal  sature;  8  to  10  body-aegmenta  (typically 
the  latter) ;  pleura  smooth.  Fygidium  with  slight  trace,  if  any, 
of  rachia,  and  with  no  external  signs  of  segmeatation. 

Ordovieian  and  Ootlandian. 


PtiMOpB  (fig.  134).— Form  elongated,  oval,  or  elliptical   Head- 
«hield  aJmost  semicircular,  without  posterior  spines.    Glabell* 


fig.  181.  —  PMeept  (Chamu^) 
emupAlhafmuf  (Bala  Bedi).  In 
the  mb-ganiu  Chumops  tha  an- 
terior U>W  of  the  glabella  are 
•xoeptioaall;  expaaibd. 

much  widened  anteriorly,  distinct ;  only  feebly  farrowed,  except 
in  the  posterior  part.  Facial  sutures  arising  on  the  latend 
margins,  almost  opposite  the  eyes,  and  uoiting  in  front  <£  the 
glabella.  Body  with  1 1  segments.  Fygidium  semicircular,  witli 
marked  rachia  and  aigna  of  segmentation.  See  Dal  mania. 
Chilaadian  to  Dewniai*. 
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Dalnuuiia  (fig.  127).— Like  Phacops,  of  which  it  ia  often  re- 
garded u  a  mere  ■Db-genus ;  but  the  glabella  ia  diBtanoUf  fur- 
rowed, and  not  ao  markedly  widened  anteriorly.  Long  posterior 
spines  to  the  head-shield ;  the  pygidium  also  oommonly  terminatat 
in  a  spine. 

OrdovicUm  Mnd  Gotiandian. 


BrontenB  (fig.  1S6). — Porm  broadly  oral  Head-shield  semi' 
oiroular;  free  cheeks  often  detached;  glabella  mnch  widened 
anteriorly,  and  sometimes  furrowed.  Ten  body-segments;  pleura 
with  longitudinal  ridges.  Fygidium  large,  rounded  posteriorly, 
with  very  short  rachis,  &om  which  somewhat  broad  inrrova 
radiate  to  the  margin. 

Ordovioian  to  £>ationiaH, 


The  last  &mily,  the  Proetide,  contuna  the  latest  surriving 
trilobitea. 

Proetot, — Form  small ;  oval  or  elliptical  Head-shield  semi' 
circular,  with  a  distinct  thickened  marginal  rim;  posterior  spines 
sometimes  occur.  Glabella  convex,  somewhat  narrowed  in  front; 
nnAirrowed.  Facial  sutnres  running  rather  straightly  from  the 
posterior  to  the  anterior  border.  jSght  to  ten  body-segments ; 
rachis  distinct,  pleura  furrowed.  ZWgidium  with  a  aemidrculsr 
border  like  that  of  the  head-shield,  the  whole  form  being  thus 
simple  and  elliptical. 

Ordovieum  to  Carhoniferovt.     Typically  Lotoer  Palaowie. 

FhHUpBia.— Close  ally  of  Proetus;  but  the  glabella  bears  three 
pairs  of  fiirxows,  and  is  boonded  by  nearly  parallel  sides.  Kins 
body-segments.  The  smooth  elliptical  outline  of  Proetus  is 
maintained  in  Fhillipsia. 

Oollandian  to  Permian  ;  typically  (7iH-(on{/«row<. 

Qrifflthides. — Like  Fhillipsia,  of  which  it  may  be  regarded  as  a 
mere  sab-genus  j  but  glsbBll&  distinctly  widened  in  front)  witii 
one  pair  of  furrows  only,  these  being  posterior, 

Corftoni/srouf. 

S,   HXBOSTOKATA. 

We  oao  only  refer  in  passing  to  this  group  of  large  Arthro- 
pods, represented  at  present  by  the  King  Grab  (Limulua),  and 
m  Paheoioio  times  by  Tariont  IrtranltHd  forms  (Xiphoean^  and 
1^  the  Earypterida, 
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Hem,  ftgain,  tfatt  nomenclature  of  the  parts  of  the  uiiinklB 
depends  upon  the  clnsiification  adopted ;  uid  it  is  not  for  the 
f^eologiit  to  pat  these  interesting  remains  definitely  into  any  of 
ih«  pieeon-holes  prepared  for  the  aoiniaU  of  to-day.  Tbe 
arachnid  view  gives  na  "cepbalo-thorai,"  "abdomen,"  and  "port- 
abdomen";  the  cmataceaa  view,  "head-shield,"  "thomx,"  and 
"abdomen."  We  propose  to  adopt  "head-shield,"  "body,"  and 
"posterior  region,  in  order  to  avoid  debatable  ground,  and  to 
oompare  the  Merostomata  fairly  with  the  Trilobites. 

(i)  Xiphoshka. 

Bellimras  is  an  eariy  ally  of  Limnlus,  with  hemispherical  head- 

ehield,  6  anfused  body-segments,  and  3  fused  posterior  segments, 

this  region  terminating  in  a  long  spine.     Having  a  glabella, 

rachis,  and   furrowed   pleura,  it  has  a 

decidedly  trilobitic  character. 

Devonian  {U.  Old  Red  Sandttone)  and 
CoalAfea»WM. 

Frestwicfala  (fig.  136)  is  like  Belinnnis, 
but  its  body-segments  are  fused,  as  well 
u  those  of  the  posterior  region. 
Coat-Stetuurea. 

FrolimnlDB,  resembling  a  larval  lamn- 

1ns,  occurs  in  the  Fermian  of  Bohemia. 

Limalus   itself,   with   its   fused  body- 

„     .j|.  segments,  and  no  other  representative  of 

Prttt^ia  amhrax        '*">  posterior  region  than  a  spine,  oconrs 

(Cu-booifeioui).  "   early  as  the  Trias.      The  lurva  of 

LimuluB,  with  its  separate  head-shieldt 

marked  with  a  glabella,  and  its  segmented  body,  presents  » 

striking  resemblance  to  a  trilobite,  and  is  to  the  geologist  one 

of  the  most  interesting  of  living  creatures, 

(ii)  Edbtftbsida. 

The  Earypterida  include  animals  some  four  or  even  six  feet 
lon^,  the  limbs  of  which  are  highly  developed  and  of  venr 
vanous  form.  These  appendages  are  all  attached  to  the  head. 
The  body  has  six  nniiised  segments,  the  brancbife  occurring  on 
their  under  sides ;  there  are  seven  posterior  segments,  also 
movable,  the  last  consisting  of  a  Ulaon,  as  in  the  familiar 
Crayfish.  The  whole  surface  preserves  only  traces  of  a  trilobed 
character,  and  is  more  or  less  folded  over  in  the  body  and 
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poatorioT  ragioDB.     The  whole  form  U  long,  bnt  Komewbat  pMr- 
ahoped.     Eorjpterida  are  now  known  even  in  Cambrian  strata. 

Eoiyptems  has  a  somewhat  aemicircnlar  head,  rather  atraigbb 
at  the  aides,  with  a  large  pair  of  .eyes  set  well  within  the  mar- 
gin; "ocelli"  or  eye-ipota  ooonr  in  addition  in  the  centre  of  Uie 
shield. 

The  work  of  Dr.  Fr.  Schmidt*  has  revealed  an  additional 
small  pair  of  appendages,  not  reaching  to  the  margin  of  the 
head-shield,  and  in  advanoe  of  those  preriously  known.  This 
first  pair  is  not  provided  with  prehensile  claws  (ohelje),  and 
behind  it  come  four  larger  pairs  of  similu-ly  simple  limbs.  The 
sixth  and  last  pair  oonaists  of  large  flattenMi  swimmlag-paddles. 

Schmidt  brings  forward  evidence  to  show  that  the   bodj- 
a^ments  bend  over  comparatiTely  slightly  at  the  sides,  as  in    ■ 
orainary  trilobites,  and  that  the  plates  which  seem  to  oontinne 
them  on  the  underside,  thus  covering  the  branching  belong  in 
reality  to  the  branchial  {phyllopodons)  appendages  themselves. 

The  tebon,  in  opposition  to  that  of  Ft«rygotTU,  is  a  long 
spine. 

Uppermoat  ffoHoHdUm  to  Carboniferotu. 

PteiygOtDB  is  generally  similar  in  form  to  Enryptems,  bnt  it« 
two  large  eyes  lie  on  the  anterior  margin  of  the  head-shield. 
The  first  appendage  on  each  side  is  long,  and  terminates  in  a 
<daw  like  that  of  the  lobster.  Schmidt  f  finds  four  smaller  simple 
pairs  of  appendages  behind  this  one — not  three  as  nsnally 
ilgured;  thesizth,  sain  Eurypterus,  is  a  pair  of  broad  swimming- 
paddles.     The  telion  is  also  brood  and  paddle-shaped. 

Ordooieian  (Bohemia)  to  Devonian  {Old  Bed  Satuiatone). 

StyloiinniB  resembles  Eorypteras,  and  has  similarly  a  spine 
for  the  telsonj  bnt  ita  two  postwior  pairs  of  limbs  are  very 
long,  resembling  jointed  rods. 

Uppermost  GoliamHan  to  Dewmian. 

E.  Lkptostbaca  (Pbtllooabida). 

This  division  of  the  Omstacea  has  been  formed  to  indnde  the 
small  living  genus  Kebalia,  which  has  cdiaractera  intermediate 
between  some  Entomostraoa  and  the  Malacoatrooa.  As  in  the 
latter  division,  the  head  and  thorax  together  include  thirteen 

*  "Bie  Cnutoceenfanna  der  EuiypteronKhiohten  von  BootsikQll  anf 
OeseL"  Mint.  Acad.  imp.  dtt  Seimeet  de  St.  PeUrOmarg,  sir.  7,  tome 
xni.  (18S3),  p.  SI,  ka. 

t/Wd.,p.M. 
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segmenta;  bnt  yebalia  is  peculiar  in  having  w^t  ftbdomuul 
segments.  The  thoracic  limbs  ally  Neboli*  to  the  Phylltyoda; 
■nd  it  has,  like  Apna  in  that  gronpi  a  thin  doreftl  shield,  folded 
over  laterally,  and  covering  tiie  cephalio  and  thoracic  segments 
(hi  the  other  hand,  it  has  a  charncteristio  appendage,  the  roHrwn, 
in  front  of  the  shield.     Nebalia  is  Marine. 

Several  well-known  Fabeocoic  genera  have  been  transferred 
here  from  the  Phyllopoda,  on  acoonnt  of  the  feiriy  constant 
number  of  their  segments,  the  presence  of  a  rostrum,  Ac.  Bnt 
mnch  cfttttion  moat  necessarily  be  exorcised  in  dealing  with  their 
t^in  and  fivRmentary  remains. 

Ceratloo*ni>  —  Dorsal  shield  bivalve,  somewhat  reotanj^nlar 
when  viewed  fitom  the  side.  Fourteen  or  more  segments,  of 
which  sometimes  as  many  as  seven  are  free,  and  project  beyond 
the  donal  shield.  Sur&ce  of  shield  finely  striated  par&llet  to  ita 
length.  Rostrum  known.  Abdomen  terminating  in  a  telson, 
which  is  formed  of  a  large  and  two  shorter  spines. 

Ordovieian  to  Carbomftrout. 

Hymenoc&iiB. — Dorsal  shield  composed  of  one  piece  folded 
over,  distinctly  convex  at  the  ventral  border.  Tebon  with 
several  seines. 

Cambrum  {Linjfvla  Flagt). 


F.    MALACOffTBACU. 

In  this  division,  including  the  modem  ^pea  of  highly-organ- 
ised Orustaces,  the  animal  has  typically  six  bead-segments  (some 
authors,  reckoning  in  the  eye,  have  counted  seven),  seven 
thoracic  segments,  and  seven  abdominal  s^menti,  including  the 

While  foBsil  remains  of  Malacostraca  occur  scattered  fairly 
freely  through  Mesozoic  and  Cainozoio  rooka,  they  are  scarcely 
to  be  regarded  as  of  importance  in  charact«riaing  special  horizons. 

ArchsonlflCiiB  may  be  mentioned  as  an  early  representative  of 
the  Isopoda,  the  onler  that  includes  the  Woodlouse  (Oniscus). 
The  isopods  have  the  head  distinct  from  the  thoracic  segments; 
the  form  is  broadly  oval,  and  the  branchin  are  borne  by  the 
fused  abdominal  segments.  In  Archnoniscua  there  are  thirteen 
thcraoioo-abdominal  s^^ents,  including  a  rounded  telson. 
Uilne-Edwards  assigns  seven  of  these  to  the  thorax. 

Ftirbeci. 

As  an  example  of  the  Maomrous  Deoapoda,  irhioh  inelude  the 
Lobster,  we  may  mention  Hoplopaiia,  in  which  there  is  die 
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charactemtia  foaion  of  the  anterior  legmenti  ioto  k  oepbalo- 
thonoio  shield.  One  of  the  two  great  ulterior  clawed  limba  it 
more  slender  than  the  other. 

Lomer  Cretaceoiu  to  Socene  {London  Clay). 

LastlT,  PalEBOCOr^Btes  {Oauit  to  Eocene),  and  XanthopaiB  of  the 
Eocene  {London  Clay),  are  familiar  Biachyarona  Decapods  ;  they 
are  crab-like,  therefore,  in  form,  witli  the  abdomen,  unlike  that 
of  the  Maorura,  folded  onder  the  broad  oephalothorocic  shield. 


CHAPTER  XXVm. 

mSOESTED  U8T  OF  OHAKAOIKBISTIO  ntTBBTIBBATB   FOSBIUL 

As  alrex^r  mentioned  (p.  293),  this  liat  consists  in  great  part 
of  forms  bmiliar  in  the  British  Isles,  and  must  be  modified  to 
suit  the  needu  of  observers  in  any  special  area,  Some  rare 
forms  ore  included,  where  they  mark  important  zones,  or  where 
they  are  a  distinct  addition  to  the  buna  as  displayed  by  other 
genera,  Attention  is  particnlarly  directed  to  the  generic  names, 
since  these  give  an  idea  of  the  &unB  of  sncceesive  periods,  in 
whatever  countiy  the  student  may  be  placed.  On  going  over 
the  list  in  front  of  the  specimens  in  a  public  collection,  notes 
may  conveniently  be  added  as  to  specific  characters.  A  few 
^nch  notes  are  given  here;  bat  to  ascertain  the  real  pointe  of 
difference  between  one  species  and  another  of  the  some  genus, 
reference  must  be  mode  to  the  original  deeoriptions,  or  to  publi- 
cations such  as  those  of  the  Falteontographical  Society,  Br.  E, 
Koken,  in  his  LntfouUien  (C.  H.  Tauchniti,  Iieipzig,  1896), 
enters  osefully  into  the  specific  details  of  a  large  number  of 
charscteriBtic  fossils.  Where  synonymB  exist,  the  more  familiar 
names  of  genera  have  been  adopted ;  and  where  a  new  genua 
has  been  esteblished  out  of  a  subdivision  of  an  old  one,  the 
older  name  is  often  also  given. 

AbbFerlatloiu  i 

Biaah.  —  Biaohlopoda. 
Cqili.-0epbali9oda.    Am.— 
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I.  CAMBRIAN. 
Lower  Series  (OlenelloB  Series ;  Taoonian,  Lapworth,  1891). 
Spongue.     Protoipongia. 
Bntch.     Lxnyttlella  primcBva. 
Pteropoda  1     Byolithes  imtiquut. 
Trilobitft.     Olenelltu. 

Hiddle  Series  (Menevlaa;  FaradoxldeB  Series). 
Spongin.     PrototpongiafvnMtrata. 
Bracn.     DUeina  pileobts.     OboUlla  gagittalia. 
Fteropoda  1     Hyolithe*  com^atuM. 

Trilobitk,     Paradoeeidet  Daindia.     Conoeorypht  conmata.     Af- 
notta*  teatalit. 

Upper  Series  (Oleune  Series). 
LisavLA  Flags  Stage. 
Bracli.     Ling*iiUUa  JOavitH.     Ortkia  lentusuiariM. 
Trilobita.     Agnotliiu  pitiformia. 
Fhfllocarida.     SymwuxKtru  tiermicatuia. 

Tremadoc  Stage. 
Hydro.     Dietymuna  todaie. 
Brftch.     OrtM*  Carmuii.     lAngultlia  lepit. 
Iaio.     Cyrtodonta  and  Glyptarea,  aa  early  ally  of  Area  (rare), 
Fteropoda.     Hyolitiua.     ConiUana. 
Trilobita    Olniu*.    Cimoeorypht  depnna.    Angtlma  SadgwidL 


IL  0R1X)TICIAN  (LOWER  SILURIAN). 
Arenlg  Series. 
Hfdra    Did^moffrapfut.    Dipioffraptus. 

Llaodeilo  Series. 
Hydro.     Didymograptut  Mvrchiimi. 
Bnch.     Ortau  tlHote&i. 
Gftst.     BaSxrophon  parturhatwi. 

Trilobita.     Ogygia  BvehM.     Aiaphua  tyraiMUt.      Trinmeltm. 
Hatj/mtnt. 
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Balft  Seriea. 
H^dro.     DiplogTvpliu.     Ctimaoogntpttia, 
Braeb.     OrlMa  caUigramma.     Orthiajlabellulum, 
Ceph.     Orihoceras  ■vagant, 
Cj'atidea.     EehinoapfueriUs. 

Trilobita.  Trirmdeua  coneetttricm.  lUamu:  Phacopt  BrOTtg- 
niarH. 

m.    GOTLAHDIAN  (UPPEE  SILTJUIAK). 
Uandoreiy  Series. 

Hydro.  IHplograplus  ve»iculo»uB.  Monograpiut  SedguncH. 
Jtastritea  psT^grinua. 

Brach.     Pentamerut  oblongus  (oommoa  u  casta  in  England). 

Trilobita.     Proetua  Sto/ceaii. 

Wenlock  Seriei. 

Hydro.     Monographu  priodon.     Stromaiopora, 

Actin.  Seliolitet  intergtmeia.  Htdytittt  eaUntilaria  (alM  in 
Bala  Series).  Ompkyma  inrhinaivm.  CyatKophyUum  angtulum. 
FawmtM  gothlandica,    Alveolilet.    Camitet. 

Polyeoo.    FanesUUa. 

Brach.  Jlhynchonella  boreaUs,  Orthw  el«guntula.  Lepttma 
ThombotdaHt.     Airypa  reUcvUvne.     MtritUUa  tumida. 

Lam.     Orthvnota  amygdalina. 

Oast.     Euompkalug  rugoru*.     Pleurotomaria.     Mwrehitonxa. 

Pteropoda  t     Tentaculitee. 

Ceph.     Orihoeerat  annulatunt.     PKragmoe«rat,     Qomphooerat. 

Orinoidea.     Actvaocrimu.     CyeUhocrintta. 

Trilobita.     Calymene  Sl-umenbachii.     ffomalonottta  delpAitw 
cephahta.     Dabaania  caudala  {Phacopt  oaudatus). 
Ladlow  Series, 

Bnch.     Ptntamerva  Knighiii  (AymeBtry  Limestone). 

Lam.     Cardiola  interrupta.     Orthonola.     Grammytia. 

Cepb.     OrifuMxrat  ludenae.     Liiuitet. 

Enrypterida.    £i*ryj^erut.     Pieryg<^iu.     StffloHurut. 


IT.    DEVONIAN. 
Lower  Series. 
Brach.     i^Ari/tr  tpteionu. 
Lam.     Cfnuamytia  marginala. 
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Gepli.     Orthootnu. 

TrilobilA.    Brontmu.    llemahnotm. 

Middle  Serlea. 

Aotin.  OyaAopK^Uum  hdiajtihoidet.  FanenlM  oermgtra. 
CalMoUnandaUna. 

Brach.  Stnngoe^Aabu  Surtini.  Spirifiir  eUganM.  PmUamuvM 
gaUatiu.  ,      . . 

GMt.     Bdlaroplum  ttriatua.     PltwiOoMana.     MMreJ^Moiua. 

Crinoidea.     A^noerinua. 

TriloMU.     Pkaeopa  latifnm.     BrentmufiiaMtfar. 

Upper  Serias. 

"HjAio.    Stnmutopora. 

Bnoh.  Atrypa  rtttcularit  (puwB  ap  from  SiluruD).  AnyN- 
ehonella  cufcWw.     Spiri/er  VomeuiH. 

Lam.     CueuUaa  wnilateralia  {Bardmgiif.     CanXola. 
Ceph.     ClyTomia.     Proleeamtei  {OonioMti). 

Old  Bed  Bsndstone  (Fresh-water  DeTOUiaD). 
Lun.     Arehcmodon  Juieni  (puuga-beds  to  L.  Oarbouifoioiu). 
FhjUopoda.     JEstAcrio. 
EurypteridA.    Bwyplenu.    PUrf/gotut.    Styktmtru: 


Y.  CARBONIFEROUS. 
Marine  Beds. 

FonuninifiMnL  Xndothyra.  FttiuHfia.  Saeoammina  Juttlini- 
fimnii. 

Aotm.  Gyathophj/llum  regium.  ZaphrenUt  oj^indriea.  Litho- 
gtroHon  htualtiforme.  Zonadalaajlor^ormig.  MicMinia  favosa. 
Syringoporvi  numdota. 

P0I7SM.     FtMtteUa.     EtUalophora. 

Bnch.  Spirifir  ttriatm.  Produeitu  M«mir1iculatuM.  Pro- 
dttetui  gigantmu.  Orthii  remipinata.  BhynehoneUa  pugwuM. 
TtrAratvla  hattcOa. 

Iadi.  Potidonomya  Bte^ari.  Avieuiopaetmt  papyraeeut.  Cotio- 
eardimn  aliform^. 

Oaat.  JCwmphalu*  pmlanguiaUu.  BtlUnphon.  ITatiooptu. 
Plntnlomana. 

Pten^oda.    Coimiaria. 
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Geph.  Orthoe&raa.  DuoUm,  Goniatites  :  —  Ghfphit)oara» 
avnittria  ;  GaHriactnu  ZAtttri  ;  PronoritM  cycUMmt. 

Orinoideft.     A<Avaoerimu.     Platyerinva.     CyatJioermus. 

BlutoidttH.     Granatoerinm  elliplieut.     Fmtremiiei, 

Trilobits.  GriffUhidet  lanii^eru*  {Phtil^Mia  Mmmtffau). 
PUUiptia  ff«mtmti\fera. 


TI.   PEKMIAN. 

Fol jioft.    FtneiUlla  rcti/brmw. 

Bnioh.    Produetvt  homdut.     Cumarophoria  wnJUfiieata, 

Lftin.    Sehixodttt  truneatu*. 

Gast     Batfrophon. 


Til.  TBIA8. 

Ziower  Series  (Bimter  and  Werfen  Series). 

Iaib.  Myophoria  mmMs  (Bnnter).  Modioia  hiriMdifi>rmi» 
(Banter).  Mcmotit  Ciarai  (Werfen).  Trigonia  eottata  (Bnnter 
<uid  Werfen ;    also  M.  JuiauicV 

Ceph.  Trach]/carat,  and  otlier  alliea  of  CeraliUi  (Werfen; 
Beneekeia,  among  tbese,  ocean  also  in  Bunter). 

Phyllopoda.     £aiheria  AUiertii  (Banter). 

lOddle  Series  (Maschellulk  Series). 

Braoh.  Spiriferina  Menial*.  Terebraluia  vuigairit.  BeUna 
(^Tetrac^MeUa)  trigondUt. 

Lam.  Daonella  Slttri  (Alps).  Lima  (sob-gen,  Sadula)  striata. 
OerviUia  {Hcemena)  toeialia.     Myophoria  vulgaria. 

Ceph.  Orthoosrat  oamptmiU  (AJps).  Ammonites : — Traehy' 
eerat.     CeraHiM  nodotvs. 

Orin(dde&. — Snorimu  liliiformit  {S./owilit). 

Upper  Series  (Keaper  and  Upper  Al^ne  Series). 
Braoh.     Koninekina  Lwnardi  (Alps). 

Lam.     DaoaeUa  {Halobia)  Lommdi  (Alps).     Cardiia  ormaUi 
lIim).     Garvillia  lubeoatata.     Myophoria  Ooldfiuai.     Myophoria 
Miatut  (Keaper  and  Alps). 
Oast     Turbo  loIUaHut  (Alpe). 

Oeph.  OrthoMTOM  elegani  (Alps).  Ammooitea: — Aree$t€» 
aiibtimUlicafUf  Anutu  Odjriians;  Traehj/e&rat  Aon  (Alpa). 
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Eohtnoideft.     Cidarit  (Alps). 
Fhyllopodft.    £ttAma  ninuia  {Banter). 

Bhatic. 
Iab.    Monotit daetmata.   Avuuia oontoiia.    PtetanvaUniiiuia. 

ProtocartUa  rhoUica. 


Till.    JUBAS8I0. 

Lower  JunuBic 
Lower  Lias. 

Bntcb.    Sjnriferma  WaleoUii. 

Lam.  AvtGula  eygnip^a  (eiIbo  Middle  lau).  CardaUa Littm^ 
Cardinia  ovalu.  Sippopodium  ponderctumi.  QryjAtea  meurva. 
Lima  (snb-gen.  PlagioBtoma)  gigarUea. 

Qaat.     Flwrotoniaria  anglioa. 

Ceph.  Ammoaitea  : — PaiJoeenu  pionorbu;  SehloAeimia  angu- 
iat»  (^gocerag  angulatum);  Arietitet  Conybeari;  Arietitea  Bvek- 
landi;  Ariaiieg  obtutut ;  Oxt/notu)tras  {AmailhMu}  oKgnoHu; 
ArietiUs  rarieoataiua ;  ^goc&nu plonicotUt. 

Criaoidea.     Pentacrimu. 

Middle  Lias. 

Brecb.     Tmbrafuia  paaetata.     BhynahoneSa  tetra^adra. 

Lam.     Peeten  tequivaivU. 

Ceph.  AmmoniteB  : — AmaUhev*  margaritatua  ;  AtnallAtut 
4pinattu;  ^gocerat  caprieormtt ;  ^gocenu  Bmdegi;  JEgoeerat 
^trmalum. 

Vppbr  Lias. 

Iaid,    Leda  ovum. 

Ceph.  Ammonitea  : — Phylloetrat  HttervphyUum  ;  Caiooer  >a 
«>mtnune ;  Harpooeras  {HUdoeeraa)  Ityfront;  Me^rpoatrat  aaymt- 
Uiwm.     BdunmUea  often  abundontk 

Middle  Jnnssic. 

MiDFORD  Sands. 

BimQi.  RkgnAon^a  oynoeephala  (veatnl  maigin  strikiagly 
plicated). 

Lam.     Pholadomya  Jidieuta. 

Ceph.  Lytceeraa  jwvnta  {AmmonUm  jumuu^.  Thia  spedes 
has  several  anziliary  lobes,  oontm?  to  the  role  in  I^taoMM. 
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ISFSRIOR  OOLITX. 

Aotm.    MotUHvaUia. 

Brach.     Tarabratvla  Jimitria,     Ehynehonelia  tpmtna, 

L*m.  Lima  (sab-gen.  CUntutreon)  proboahidea.  Trigonia, 
nomeronB  species ;  e.g.,  Trigonia  eotlaia.     Ceromya  bajoeiana. 

Goat.     Fittidom^nia  (Chemnitzia).     Nerinea. 

Ceph.  Ammonitea: — Parkimonia  (Uomuxxrat)  Farlnnaoni; 
Sl^^anoeertu  hu7nphri«*ianum. 

Ikthinoidea.  Clypeas  Flotit.  Pygorhj/tit  ringent  (Pygorhytia 
It  one  of  the  Collyritide). 

Batbosias. 

Brach.  Terthrataia  maxiUata  (note  the  range  of  form  in  ihia 
speeies).     Waidhavmia  digona.     Shynehondla  oonntma. 

I4un.    Oreulya  peregrina.    OerviUia  acuta.     Somomya  jriMoMk 
Orinoideft,     ApiocrinuB  farkiruoni  (A.  degant). 
Bohinoide*.     Sekinoltritntt  dunieularu. 


Upper  Jorasdc. 
Oxford  Clat. 

Lun.  Aleetryrmia  (Ottria)  Ifarthi.  Oryphcea  dUatata.  ZW- 
gonia  tlongaia  (also  in  Kiroeridge  CUy). 

Osph.  Ammonites  : — Cotmoeeraa  Jtuon  ;  Cotmoeertu  eaitO' 
wunta  (Kellaways  Book).  JfautUua  haxagonut.  Bd»mnitt» 
Ototm  (— jNuionamM). 

OORAUJNX  OOLITS. 

Atitia.    Theeomiilia  annuiarie.    Thanmatlraa  onK&noidM; 

Iiftm.     Trigottia  elavellala.     Gonxomya  v-»cripla. 

Gast.  Bottrguttia  {Phaaianella)  etriata.  Paatdonuiama  (C!Am»- 
mtaia)  htddingUmenna.     Jfermea  Good&aiii. 

Oeph.  AmaWttM  {Am.)  wrlebralia  (also  in  ufpw  zone  of 
Oxford  Claj).     BelmimUtt  abbreviatttt. 

Holiuioideft.    Odaru  farigwnma, 

KiMERiDQs  Clat. 


Braoh.    BhjftuAtmMi  ineonslana. 

lAm.     Oftrea  dtitouUa.     Exogyra  virgt^ 

Oeph,    PoruplntKlat  {Am.)  biplex. 
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PoRTLAUD  Beds. 

Aotin.  IiattnM  Mtmga  (beat  known  b;  ita  CMts  in  flinty  in 
irhich  th«  white  parta  repreaent  the  infilling  of  the  caljz,  and 
the  darker  more  tranaparent  portiona  the  replacement  of  the 
aepta  and  walL  In  thia  speciea  there  ia  no  columella,  and  the 
septa  are  atrongl^  marked  with  lateral  granules). 

Lam.     Trigtmia  gibboaa. 

Gaat.  Cwithium  portlandieum  (best  known  by  ita  sorew-lik« 
caaU). 

PuRBsoK  Bsna. 

lAm.     Cyrma.     Ottrta  dUtoria. 
Gaat     Paludina.     Liumtea. 

Orofitaoea.  Cypridea  ptmclata.  Cj/prtdea  gramdo»a,  CjfprU 
furbackmna.     Arohaoniaeus  Brodiei 

TlTHOSiAN  Stage  (Basin  of  the  Slione). 
Braoh.    Pygopa  (TanfrratuAi)  diphya. 


IX    OBETAOEOTTB. 
Lower  Cntaceooi. 

HeooOMIAN  at  France  and  Switzerland  (Lower  ITeooomtan  of 
man;  authors).    Compare  with  Lower  Speetoa  Beds  in  England. 

Lam.  Exogyra  (f>*(raa)  Covioni.  Pama  MuUeti  (see  Ather- 
field  Olay).     Janira  alava. 

Ceph.  Ammonitea: — lloplitea  naocomienaia  ;  Soleoat^Aaniu 
lOleoatapJtanua)  aatierUinut.  (Holcostepbanua  is  a  close  ally  of 
Stephanoceras  ;  the  ribe  are  united  in  groups  on  the  inner  aide 
of  the  whorl,  and  run  continnonaly  over  the  convex  aide.  Con- 
atrictiona  of  the  mouth-border  may  occur,  as  in  Periaphinctea.) 
Crioearaa  {Aneyloearaa)  Duvaiii.     Belemnilaa  laleraUa. 

Eohinoidea.  Toxaater  eomplawUiua.  (Tozaater  is  a  oloae  allj 
of  Micraater ;  the  ambulacra  are  open  below,  and  the  porea  actt 
alitrlike.) 

WsALDSS  {Frssh-Water  PAaaAOB-BSDS  FROM 
Upper  JuRASsid). 

Lam.     Cyrma  tnedia.     Unitt  tmldenaia. 

QaaL     Paludina  elongaia.     Metania  ttrombifimnUt 

Oatracoda.     Cypridaa  wddentia. 

I  :       Google 
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BA&OEMiAif*  or  VBaONIAS  (Atherfield  CI&7). 

Aotin.    Eoloogitit  eUgmu. 

Iaid.     GerviUia  ane^.     Fema  MuSeti  (found  kIbo  in  the  . 
TJpper  Bpeeton  Beds).    Panopaa  pticata. 

Aptian  (Hythe  Beds  and  most  of  Folkestone  Beds). 

SpODgin.     KameFoiis  spicules  in  the  cherts. 

BrftCD.  Terebratula  selia  (also  in  tlie  Atberfield  Clay  and 
Speeton  Beds). 

Lam.     Exogyra  tinutUa  (often  large).     Fliealvla  plaainea. 

Geph.  Eoplittt  (Am.)  J}ethayeni  (in  this  species  the  median 
furrow  common  in  Hopliies  is  aboent;  ohsracteriatic  also  of  the 
Upper  Speeton  Beds). 

Albian  or  3BLB0RifjAN\  (Gault,  with  uppermost  part  of 
Folkestone  Beds^ 

Braoh.    Kingmta  Uma.     TerAratula  bipiicata. 

Lam.  Exogyra  conica.  Ittoceramtit  ooneeniricut.  Inoc&ramiu 
(sub-gen.  Aottnoceramat)  tuloatui.  A'unda  peetmata.  Janira 
guifigueeottaia.  Peeten  ot^ictilaria  and  aaper  (also  in  Ceuo- 
manian). 

Scaphopoda.     DontaUnm  dtcussalnm. 

Oast.  Alaria  earituUa  (often  called  Aporrhais.  This  species 
has  a  narrowed  tongue-like,  and  not  broad,  expansion  of  the 
outer  lip). 

Ceph.  Ammonites  : — Acanthocerae  (JJouvilliicarai)  TnamU- 
lalvm  (near  base) ;  HopUtea  interruptut ;  lloplitet  lautm ; 
Sopliltt  ipienden$ ;  Schkenbachia  inflata  {=  tvttrata).  Mamitt*. 
Anet/looenu,     BelmnniUa  mtnuntu. 

Upper  Cretaceons. 

Cbhomanian  (Lower  Chalk  Sto^), 

Spongiaa.     Ploeoieyphia  mceandriTta. 

Lam.     Atectryonia(Ostrea)  front.     PiOen  aapar, 

*See  De  I^ppueot,  7ni>W  de  QioloffU,  Sma.  id,  (1S93),  pp.  ]008  and 
II  IS.     BaiT^mun,  due  to  Coqnand  in  1S6S,  is  tha  preferable  Cehn. 
_  t  See  Jnkea-BTowne  aDil  Hill,  •■  to  oorrelatioa  of  bedi  styled  "  Upper 
Rooka  ol  Britain'* 
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Ceph.  Ammonitw: — AeantJtoeerairvlhonagmM;  SAUmJaekim 
vairUma.  SeapKiUa  aqualig.  Turrilitee  ooffodw.  AeUnooamax 
phttta  {B^emniulta  plena  ;  &t  toD  of  series). 

Echinoidea.    Ducoidea  trylindrica.    SoUuier  tnigb^ottu. 

TuRONiAN  (Middls  Ohalk> 

Bnch.    T«rAratulina  ffraeUit. 
Imcu.     /noc«ramtM  labialta. 
Eobiaoido^     Holaattr  piamu. 

SxjrojriAw  (Oppet  Chalk). 

SpongUB.  Doryderma.  VmirieulitM.  Clitma  eretaeea  (knovil 
as  borings,  or  casts  of  borings). 

Brach.  TerebrtUula  cameo.  Tar^mOulina  ttriaia.  Rkfp^ 
dionella  plieatiiu.    Crania. 

Lam.  Feeten  nxtidva  (a  small  almost  smooth  form).  Spond^mt 
ipittonu.  Inoceramui  Cuvieri.  Inoceramtu  Brongniarii.  S^ 
purita.     Ottrea  veeuMlarit. 

Ceph.     SelemniuUa  mueronata  (in  higher  beds). 

Echinoidea.  Cidari^  iceptrifera.  Cyphotoma  £amigi,  Qaterifei 
albogalerug  (ScfuTioamw  eonusus).  Mioraittr  eonmguinvm.  Anat^ 
ekylM  ovatus  {JSchinoeoryt  vulsaria), 

Dasias. 


Lam.     0»lrta  vmcularit.     ffippmie^ 
Oepb.    BacidiUt  Fayjan. 


X.    EOCENE. 
Lower  Series  (London  BeriM). 
Lowsn  London  Tsutiaxims. 

Lun.     Ottrea  btSovacina.     PectunaiUtt  tanbratulana.     Cyrmta 
eunei/ormit.     Cyprina  Morritii. 

Oast.     Cerilhium  Jutiatttm.     Melania  inqmnala.     NoHm  nib- 
depntta. 

LosDoy  Clat. 

Lam.      Pectuncultu   breoiroatria.     PMathmfa 
Teredo  (common  in  fossil  wood). 
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Gut.  Tutritella  imiriealoria.  Aporrhata  Sotoerbyi.  Plturo- 
toma  teretriitm  (and  several  other  species).  Gattnu  (Calj/pinBa) 
troehifomoM.     Cassidaria  ■nodoia. 

Ceph.      Jfautilug  iniperialis. 

Annelida.     Ditrupa  plana. 

Crustacea.     Hoploparia  BtUi,     Xanthopna  Ltaclti. 

Middle  Series  (BrBokleshun  Serlee). 

FonmiiiifeTa.    Nummvlitea  laoigatm.    Summvlitea  variolarittt. 

Actio.     LHharaa  Webiteri. 

Lam.  Venericardia  (Cardita)  planicotCa.  Tdlina  tpeeiota  (and 
several  other  Bpeciea). 

Oast.  Cenihimti  giganlewm,  i/urxe  ntinax.  Pleuratoma 
tttlenuala.     Contu  dtadema  (and  several  other  species). 

Upper  Series  (Barton  SeiieB). 

lAm,    CramUtUa  sulcata.     Cardita  ndcata.     Ghama  aqvamoea. 
Oast,     Roetdlana  (sub-gen.  HippoehTenet)  ampla.     Ftiaiu  (sub- 
gen.  CUmdia)  longtevui.      Valuta  luctatrvn.     Valuta  ambigua. 


XI.  OLIGOCENE. 
Lower  a«ilM  (FlaTlo-mailne  Series  of  Isle  of  Wight). 

Lam.  Cythana  inKraetaia  (the  typical  fossil  of  the  marine 
bands).  Cyrma  obovaUt.  Cyrena  aemiatriata.  Ostna  vtclemia. 
Cvrbula  piiwn. 

Oast.  M^awia  marieata.  Mtiavia  eotlata.  Melania  turri- 
tunma.  MeUmoptis  earinata.  CerHhwm  muiabUe.  CeriMum 
pUeaium.  Carilluttm  degtmt.  Sifoa  Chaatdi.  Neritina  eotwavo. 
Potamidei  eonoamu.  Limntea  emudata.  Limiuta  Umgitoata, 
Flanorbia  momphaiut.  PlanoriiM  duotu.  Paiudina  ImUa. 
Btdimva  dltpUeua.     Bdix  globota. 

Ostracoda.     Cyprit. 

Upper  Series  ( Aqnitanlan  of  Faria  Basin  and  Korth  Germanj). 
Oaat    LimnoBa  cornea.    Polamidet  LamarekL    Planorbit  comn, 
Btiix  D^franeti  (and  several  other  species). 
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Xn.  MIOCENK 
BnrdigaliRD*  (Falans  of  BordMnz). 
Out     MdtMtia   aquUaniea.     Bydrobia   acula    (in    itaytuat 
Bhul). 

Helvetian  (Faloni  of  Tounine  and  Anjon  in  great  part ; 
Swiu  Marine  lloUaue). 

Lam.     Oilrea  cnwatMiiio.     Lima  iqtiataota.     Ana  tvrorUea. 
Oaat.     Troehw*  incratiatvt. 
Echinoidea.    ScuUlla. 

Tortonlu  (of  V.  Italj,  &a,). 

Oaat.    Pleuroloma  (nnmeroaa  apeoiet).   Contu  aniiqw$.    VeltUa 
t>arii/,ina.     Helix  turonontU  (in  Touraine). 


XIIL  PLIOCENE. 

Lower  Seriea  (Samuitian  and  Pontian  of  De  Lapparent^a 
Miocene  Sjatom). 

Lim.  Farutpaa  Menard*  (lowest  beds).  Tmua  nrnltUoiMtta. 
Conjeria  (several  apecies). 

Placeutlan  (CoraUine  Crag). 

Poljsoa.  Fatcieuiaria  auratUium.  Etehan  nwniitfmra.  CtBo- 
jxfraedaas. 

Braoh.  T&rAraUda  grandU  (an  nnnBaallj  large  apedaa; 
found  alao  in  the  Lenham  Beds).     Lirtgvla  Jkanortitri, 

Lam.  Paetrnteultu  gtycimaru  (also  found  in  the  Lenham 
Beda).  AHarla  Omaln.  Cardita  Mnilit.  Cyprina  iAtndim 
(also  in  higher  Pliocene). 

Oaat.  Turritaila  inera—ata.  Valuta  Lambtrii.  Catidaria 
husatenata.    FietUa  (Pyrvia)  reHvuiata. 

Eohinoidea.     Eehituu  Woodtoardii. 

le  De  Lapiiwent,  TmiU  dt  GMaflt, 
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BSD    CRA0. 

Imbo,  Ftetmoperouiaru,  CardiumParkimiom.  TtUmacbttqria. 
Jfaetra  ovalii. 

Out.  Bueetnam  tnuJoAun.  Natta  retteota.  Purpura  Ittra- 
gontt.  Purpura  lapiliut.  Ufatica  multiptmetata  (and  >evenl 
Other  Bpeciea).  Trophon  aniiquMm.  ISrophen  oaiUrarwm  (ft 
common  "  left-hftiided  "  form). 

NORWICA  Orao. 
Oa>L    Turritdtatarti>ra{~eommMni»'^    Tnfku^  teaiat^nm. 

Cbillbsford  BsDa. 
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Anktue,  106. 
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ActiDozoa,  304, 
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^notion,  145. 

l^pcmnM,3tSa. 

A»to  morUr,  41. 

AgglonMMte-IaYM,  H,  197. 

AmieUdk,  8S9. 

Aggrtgite-gowth,  liS. 
ISMuito^,  20i  27*. 

Anorthite,  66, '64,  173. 

-Gabbni,  284. 

AUru,348. 

ALukite,  SID. 

Albite,  84,  173,  275. 

Authraoite,  213. 

Atojooaria,  306. 

Anthraooaia,  334. 

Alootryonia,  339. 

Algn,  uti(»i  cf,  203,  SIM,  908. 
Al&triomorphio  crfrtal^  99. 
AUport,  w  Wrekin  nx^  26G. 

Antimony,  testa  tot,  SL. 

At*tit^  07,  100. 

Alum  in  tiMhvte,  245. 

Aplito,  219. 

.tort-for.aO. 

ApophyUita,  07. 

Alnnita.  77. 

Aporrhaia,  34& 

AlToolitoa,  310. 

Aptyohn^  367. 

Amtltlttnu,  386l 

Apni.  893,  404. 

AmuoQ-itoiiD,  84. 

Araohnidft,  393,  40S. 

ISG^Si."^ 

AriMiMt«r,  SS. 
Aragoaite,  07,  ISO,  WO, 

4wa,8S2. 
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.404. 
.334. 

Aieamoeoaa  fonminileis,  2H,  S 
Arfvedunite,  ISO. 
Argentite,  67. 
Argoiunta,  3S6, 
AnetitM,  367- 
ArkoM.  IM. 
Araenio,  t««U  for,  A'- 
Arthnmoda,  3W. 
Artionbtk,  3  IS. 
Ah^u,  400. 
Aibeetoi,  72. 
Aihea,  volouia,  IM,  377. 
AMifboiMt    lAmellibmiohi,   I 
339,339. 


^Urt«,329. 
Aitoroidek,  SBS. 
AitfaenMomA,  38B. 
AitropeotMn,  360, 
Atacamite,  07. 
AtTT^  318. 
Angite,  67,  167. 

„       -ADdeaito,  3fi2. 

„       -DioritB,  !27. 

„       -aysnite,  223. 
An^tite,  262. 
AtiouU,  33S. 
ATionli^iDolaD,  341, 
Axea  of  elwticitr,  37- 
Aantlte,  B7- 


Baetrltes,  963. 
BMulitoi,  37a 
B4kBd  ihalB,  S72. 
Buded  atnuitiira,  VJ,  Ul. 
Buinm,twtafar,61. 
BMkerlUto,  IBI. 


BHtit-OlaM,  SntS. 
BMhio  AiidMit«,  S6S. 
BMknito,  SB6, 960,  961. 


Beoke  on  nfrMtin  Udax,  149. 
BdMDidtalU,  378. 


Belowpia,  374. 
BenaokeU  (Bniitw),  409. 
Beitrand  eve.pieoe,  146. 
Beriiohia,  3e£ 
Biotite,  les. 
BiMoMoaiHSS. 
Biimnthi  nAtivs,  OS. 
,,        teat  for,  61. 
BiBmuthiiie,  OB. 
Bluk  Bud,  209. 


»,77. 
Blowpipa,  37. 

„         -ezuniiutioi)  of  miiiKal^ 
37-78;  irorka OD,  43. 

„         .flune*,  44. 

„         -iMnpc  38. 

„        .reagenU,  42. 
Bins  glM»,  nw  of,  40. 
Bolton,  on  use  of  orauiio  Mida,  84. 
BoDS-bedi,  907. 

Boonejt,  on  •Uioeooi  oemenU,  IMk 
Bonx,  raaioUoaa  in,  49. 
Boring  molloBM,  324. 
Bonito,  e& 
BoroD,  tcata  for,  61. 
Borotangitato  c^  "»^"''""',  30, 11& 
Bouniuiia,  340. 
BracMopoda,  314. 
Bnociated  Una,  09,  107;  li 
20«,  207. 

04. 


Bromyrite,  73. 
Branteoa,  401. 
Broniite,  178. 
Brown  Goal,  912. 


Bnoojnnm,  346. 
Bnlimu,  S64. 
Bytownit^  84,  178. 

G. 

flHilimnm,  tMt  for,  61. 

13;  "Btaotrio,"7«. 
Alg«,208. 
Caloeola,  308. 
,  (Malfbyn,  978,  974. 
i  Caloito,  68, 1S8,  901. 
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CUcJnm,  teaU  fat,  61,  n, 

CUe-Sohiat.  88S. 

Cftlvmena,  SW. 

Calyptnw,  SDSL 

CunuophmU,  S17> 

Camptoiuta^  iUSL 

Ouanffeot,  ooDtaot  goniometor,  IS. 

Ckiboa  dioxide,  t««ta  for,  ei. 

(WboDktaa,  OTMninatko  <4,  U,  lOS. 

Carboniixdk,  334. 

Oud  trayi,  202. 

Gardiiiik,  33ft 

CudioU,  33S. 

Chrdita,33a 

Cudimn,  S28. 

Chipenter,  F.  H.,  on  orinoidi,  37S. 

"      ■  IM. 


0Brithiiim,S4S. 

Ceromn,S2e. 

Caninite,68. 

ChmloodoDT,  IM,  108;  SIO. 

ChaloopTiito,  70. 

Cluknanw  ( =  Radnitliite),  76. 

Chalk,  201,  SOt 

Chaljbite,  60. 

Cliama,3Sa 

Chaimatwiatia    inTortsbiato    foMili, 

409. 
OutrocMtl  for  Uowpipe-wcnk,  30. 


C3Mrt,  SOD,  210. 
ChiHtotita,  100,  271. 

,  Chkmji,  S41. 


ChioriM,  tMta  for,  61. 
ChlMiU,iaO. 
Chkcita  Soliirt,  Saa 
Chlociteid,  172. 
Ckcndnnbon,  374. 
Chnnlto  6B,  160. 


Ohi7mwU»,60. 
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cid«ii,38a. 

CiimaW,  69. 

CipoUino,  Zlt,  283. 

Citria  acid,  lua  of,  36. 

ClaToUa,  346. 

ClaT-iroiutone,  209  («ee  QudybitoL 

Cl»y«,197. 

ClBkvsgB,  of  mineMb,  20,  138;  of 

rook*,  06,  Z76. 
CluDMOgimptiu,  308. 
CUoommer,  S. 
OUoiw,290. 
Clymcoia,  80S. 
aypoDB,  386. 
OmU,212. 
CoatM'a  bttlkooe,  27. 
OoUlt,  nilMte,  um  (rf,  60,  SI. 

„    ,  t«cU  for,  61. 
ColMUiI]^  60. 
CooooUto,  160. 
CooooUUu,  202. 


CoUyritta,  387. 
Colour  of  minenb,  15. 
Columiwr  itmotore,  07. 
OompMt  Syeoite,  224. 
CooontlooMT  rooks,  2M. 
CoiKi«tioiu,207,S0S. 
CoDe-in-o<m«  itniotara,  209. 
Cong«ri*,  33S. 
G(HigloiDec»ta«,  218,  283. 
OcmMMdilun,  S!8. 
Ccaooephktna,  397. 
ConoM*Tphe,  397. 
CoaUot  Ooiiioiiiet«r,  16. 

„      -matMOorphuin,  971. 
CoDtcnir  lion,  8. 
ConnUrik,  356. 
COniu,  84S. 
CooTargBot  polariMd  U|^t,  lue  of. 
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r,61. 


„      Oknoe,  76. 
„       Pyritea,  70i 
OMal-UmMtooM,  90S, 
ComlliuM.  208. 
Corbi<nil>,  S20. 
CorbolA,  827. 
Conlier,  TBaMTohM  Ol 

of  nwk^  110,  1S2. 
Ooitllarite,  160, 984. 
Comidi   and   K«nddl.   on   tlwU^ 

901. 


Ck")0<^lc 


CniiiA,d2l. 


CrinddM, 

GriooeruiVn. 

CmaUoea,  390. 

<:^7<dit«,70. 

Ctjptooi7BtsllliM  ■IfuutiU'^  B^  3M. 

O^ptMlonuta,  313. 

ChTatelline  nndstonea,  1S2. 

&7>tAmtw,  90,  243,  2U,  287. 

Ctenoatreon,  341. 

Cnonllst,  332. 

CnpeUation  of  1«m1  anm,  SB. 

Ca^to,  Ta 

Cyathoorinni,  379. 

fathophrllnni,  307. 
olas,  Sa). 
ololitM,  SOS. 
Crololobui,  366. 
C^oloBtomAla,  31L 
C^phdunu,  331. 
"    >ridea,391. 
)riduw,391. 


Daelte,2S0. 

DalnuutM,  401. 
SalloD,   method 

dip,S. 
CaonellA,  338. 
Seoapoda,  S78,  S79. 
Deoofiftlod  ah^,  843. 
Deloae,  on  niak.<miiatitatk 

132. 
Denn  Uqoid*,  20,  US. 
Dentalina,  29S. 
Danteliiun,  342. 
Jlerived  foaailH,  392. 
Desert^uid,  ISO. 


Diabaae,  227,  230,  23S,  2SS,  SC 
Di&llags,  lei. 

Dutonuioaoaa  depcwiti,  2U. 
Dioenu,  330. 
Diohioebope,  89. 
Diok,  Alku,  petrolofdaalmiac 
128. 
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Did^ogrsptna,  303. 
DiSiuioD.oalumii,  31. 
Diopside,  161. 
Diorite,  227. 
Dip.  determination  o^  & 
Diplogroptua,  303, 
Dipyre,  180. 
Disci  na,  321. 
Discinisoa,  .^1. 
Disoites,  368. 
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DiBpUoemi 

grsTities,  1__ 
Ditroite,  224. 
Ditnipo,  390. 
Dolsnte,  230,  234. 
Dolomite,  34,  70,  lOS,  161. 206,  274 
Dolomitio  limeetooe,  lOS,  2QSi  274 
Domite,  S47. 
Doryderma,  300. 
Double  refraction,  144; 


Dreiasena  (DroiBsenna),  336. 
Dniay  atructure,  97. 
Dumt«,  239. 


Eohlnobrissas,  38S. 

Echinooonna,  3SS. 

Eohinocoiys,  3S7. 

Echinoderniata,  376, 

Eohiaoidaa,  381, 

EohiaoBphnritea,  381. 

EohinuB,  384. 

Eologite,  2S2,  283. 

Elnolit«,  74,  169. 

„        -Diorite,  220, 
„        -Syenite,  223. 

E3eotriD  oement.  22, 

"'         Elvanite,  220. 


Eaorinitee.  376. 
377. 
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.  178, 
BnUlophoro,  SI 2. 
BDloiQOBtnu*,  S90. 
Bntrochsl  marble,  377. 
Bozoon,  -^3  (footnote). 
EpidioriUi,  226,  22S,  220.  SSB,  2 

2BS. 
Epidote,  70, 101. 
Epsom  salt  lEpsomite),  71> 
Snibescdtie  (Bomita),  6S, 


Estheria,  39& 
Euechinoidea,  36S. 
EaomphaluB,  302. 
Enphotide,  227. 
'  Eurtte,  220. 
Em-fpUrido,  402. 
Eaiypt«ruE,  403L 
Exogyra.  340. 
ExtmotioD,  angles  of,  145. 
Extraction  of  mineraU,  14, 
Bye-BtTBotnre,  90,  379,  SM. 
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Paselenlaria,  SiS. 

Pavosites,  310. 
felaite,  220,  2ta. 

Velspara  {see  th«  tmiowi  ipiajw). 
m  uuub,  IM. 

„      ,  flaine-reaotianB  of,  78. 
Pelattme,  242. 
PcDMlella,  312. 
Ficula,  347. 

Field-obserratioD,  woita  on,  £. 
SJaggj  Qneisa,  276. 
Plame-oolouration,  47,  78. 
Flaaer-gabbro,  234. 
Hint,  189,  200,  210. 
now-Breocia  (truotnre,  99. 
Flnidal  gneiBsic  structure,  102. 

,,      Btructure,  99. 
Flnorme,  tcBts  for,  02. 
Flnor-spar,  71,  162. 
Toliation,  06,  27B. 
Torammifera,  S94. 
Porcllenitein,  234. 
Porm  of  minerals,  10,  134. 
Ponnationa,  geologioaJ,  203. 
JTcoails,  study  of,  2B7 ;  mode  of  pra- 
MTvation,  200 ;  deriTsd,  292. 


„      ,  llBj 

ol  bydroflDorio  acid,  120. 
Pcyaite,  223. 
Flanklinite,  71. 
fusibility  of  mineral*,  40,  U :  oC 

rocks,  104. 
Pusion-plaoe,  4fi,  70. 
Pnsnlina,  297- 
Pnnu,  340. 


GabbFO,  227,  233,  280. 
-Onein,  S8S. 
Galena,  71. 
Galeritss,  380. 
QBleniB,302. 
Oallinaoe,  266. 
Garnet,  71,  163. 


GaatFopoda,  343. 

Gedrit«,  leo. 

OeUtiuiBatloa  od    treatanent  wttk 

add,  33. 
Qeoera,  range  of,  203:  impo 

of,40B. 
Geoteuthis,  374. 
Gervillia,  337. 

Glass  Tubes,  reactions  in,  03. 
Glassy  igneous  rocks,  203. 
GUuoonite,  IBl,  200. 
Glanoophaiie,  ISl. 

-Sobirt,282. 
Globigeiina,  200. 
Glnoina  (see  AluaiiUDm},  OL 
Olycimeris,  320. 
Olyphiooeraa,  303. 
aiyptaroft,  40& 
QneiBses,  2S3. 

Gneiado  itruotiire,  10%  SBC 
Gomphoceras,  369. 
Goniaater,  389. 
Qoniatitea.  362. 
Qoniometers,  10. 
Qoniomy*,  IGO. 
(3»thit«,  71. 
QrammysM,  330. 
QnuuMocrinus,  3B0. 
Oranite,  217,  225. 
Oranitic  structure,  100. 
Granitite,  218. 
Granopbyre,  102,  220,  321, 887. 
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Orwinlite,  386 ;  iKneoiu,  100, 
Gnphio  granite,  219. 

.,  itMOtOTB,  101,  SlSi 

Onphite,  71. 
Graptolitai,  303. 
OnvaLi,213. 
OniBeD,2ig. 


6rita,ig2. 

QiTphM,StO. 

Qjpwn,  n,  in,  IW,  308. 


Hianel,  plMtOT  piai««,  ss. 

Halleflinta,  S42,  28S. 
HtUirhM.  300: 
H*lobia,400. 
HaljMtn,  3ia 
"   niUi.,870. 


Hwdnew  of  minanli,  21  (  of  rooki, 

Ha^ooeraa,  367. 
Hkoenaoliild'i  app&ntiH,  119 
Hauyne,  M,  1S3. 
Haujmaphyre,  SO^ 
H«i»yliquidi,29,  Il». 
Heliolites,  306. 
Helix,  363. 

HemioiTitalline  Btrnotnn,  99. 
Hemimorphite,  72. 
Hetenxoinm,  370. 
HeleromyariB,  336-388. 
BezMOr&lla,  304. 


Honulanotn^M 
HoiiioBi;a,  S». 


Hornblende,  72,  181. 

-SohiBt,  281. 
■OTBDib),  217, 1 


HildooMX  (U»rpooMM),  410. 
HippoohimMt,  34S. 
Hippopodinm,  338. 
Hi^oritee,  331. 
H(BnM«us337. 
HolMtar,  S87. 

H^kKDTrtaUiiie  tgneou  moki,  I0((, 

HolooVitU,  309. 
Holopu,  37B. 


HTdrobia,  35a 
Hydrometer,  25. 
^dronnsaoa. 
BTHieaooaria,  401. 
Hydithee,  85*. 
Hjpenrtlieiie,  178. 
Hypentbemte,  SS8L 


lebtbyoerliiiu,  879. 

Idionunphio  cryrtaJe,  99. 

Igneuni   rocks,  21S;   ocdkaUaB   at 
Kpodiotaa  of,  216 ;  table  td,  27Ql 

ninnua,  400. 

Ibnemte,  76,  183. 

liurtionUt*,  S2a 
I  bidiou  of  rttaOiaa,  87. 
Jnooanunni,  338. 

A)tegrip«lliate  I^mdlibnaolu,  aas, 
^itonnedjate  fgneona  roeki,  225. 
Intonertal  atTDotnn,  26S. 
boD,  teata  t<»,  02 ;  tMin,  7SL  16S. 
Iron  Pyritei,  72,  185,  291. 
Innurtonee,  200;  tniUtlo  mJ  iwHH- 
206, 2ia  •«•»»•, 

IiregnUna,  38S. 


I«n>oda,404. 
iMtoopimn,  150. 


Jaiiln.341. 

'-"-■-  •pring-bohiiM,  S8. 


vokanio  Oam,  lOB;  <n 


i«>u,   VII    luinMUB    mew,   lunt    tMk 

growth  of  onit^  U7  •  m  SahQ. 
leriMtJoa,    ISO;    m   Qabtn  awi 


Dolerite,  232; 

1»TM,S«(I. 


:ecb,  Google 


KMiin,  72,  laa,  190. 

KeodkU,  OD  sMtrapod  ah 
„        and  Comuh,  on 
Kmrgyrite,  72. 
KentophjTs,  212,  291. 
KwMDtite,  22S,  228,  2>2 
'    lUnuibHi,  220, 
KiiweDft,  816. 
Kle&'«  toliitioti,  SO. 
EoniDokella,  31S. 
E<xiiaQkiiik,  310. 
Knpfemiokel,  JS. 
KTaoite,  108. 


lAbdling  of  ■pemmcm,  II. 
lAbnutorita,  ft,  H  ITt. 

lAmdUbtitMliMU,  K& 
lAmlnftted  Btrootore,  M. 


1m^  lAcnli,  164. 
IaPWDtUi,  c 

^8,279. 
l^wwoa,    on    Hslignita,    SS8; 

lAarentiaD,  283. 
La^  teste  for,  82. 
L»d>,S27. 

Laft-buidid  ■hsQi,  8M. 
L^Nditi>,39!L 
Lepralw,813. 
LeptMta,  318. 
LeptdMnoB,  40S. 
Lmtrait«,  S88. 
I^Mlte,  84, 106. 
„      -Andedte,  200. 
„      -BMklt,  261. 
Lsnoilito,  i^  2M,  2S0,  981. 


IdmartooM,  1M|  oom 
CTTrtalliM,  S74,  881. 

liBooHe,  78, 167. 
liiniihu,  401, 409. 

TityiUj  220. 


Lingnlella,  890, 
Liparite,  24a 
Lithuni,  308. 
Utfaittidte,  30a 
Lithiom,  te«t«  for,  82. 


LiUioidal  rooka,  98,  9W; 

Lithoph;ws,  08. 

LithoBtrotion,  307. 

Littorina,  301. 

Littdrinella  ( =  H^droU*),  SSOl 

Litnitea,  3A9. 

I«»iiu,188. 

LoUgo,  374. 

LonkUOeU,  807. 

Lukea'a  balanoa,  S7. 

lustre  of  minerala,  10. 

„      -mottUog,  101,  288. 
LnxuUiauite,  219. 
Indian  atouo,  212,  718. 
I^tooena,  370. 


Haerodon,  332. 

MMtn,3!2e. 
lladroponria,  806. 
MageUania,  310. 
Mftgtnabaaalt,  262. 
Magnwite,  73. 
Uagnwiiim,  testa  tor,  62. 
H^net,  DM  of,  in  iaoUtfug  o 

taenia,  1  IS. 
Uagnetio  ohaiMitets,  22. 
MasDotite,  22,  73,  167,  190. 
M^hito,  73. 
HalacoabwB,  404. 
Halignite,  223. 
ManganMB,  tart*  for,  88; 


Uriooiis  (gcapoUta),  179. 
HelHua,349. 
HeUiiit^l68. 
HaUomwU,  849. 
UaUpbnv,  2S3,  SS8,  260. 
MeliUta,  862. 

„      .BMJt,  Ml. 
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MatoniteB,  3S8. 

Membranipors,  313. 

Uercnry,  UwtA  for,  63, 

Uaristella,  318. 

HeroatomaU.  401. 

HeaonMiB,  HDO. 

U«t«l,  reduotioD  to,  with  blowpipe, 

68. 
Uetsllio  beads,  reaotiona  of,  SV. 
Hetamorphio  Rocka,  37  !• 
Methylene  iodide,  3(J. 
Uiarolitio  Btructnre,  97. 
Uiaacite,  223. 
MioBs,  IS?,  190. 
Hica-Sohist,  270. 

,,   -Trap,  224. 
MioheUnio,  309. 
Uioruter,  8S7. 
Uioroohemistrv,  36. 
Uicroohne,  IM,  17S. 
Uiorocoamia  talt,  reaotlona  In,  51. 
MiorocrTBtall  ne  struotim,  99. 
Uiorogranite,  220. 
Microgranitio  ■trnotara,  100. 
Microgrannlar  struotore,  101. 
lIi<zogranulit«,  220. 
Hicn^ranolitic  atmotnre,  100. 
Uicn)graphio  strnotiire,  103. 
HioroUtM,  243,  260. 
Hiorolitio  Etmature,  09. 
Mioropegmatitic  atnictHM,  101. 
UidTOBOope,  petrological,  123. 
HilioU  (MilioUtea),  29fi. 
Miller,  re&eative  goniain 
Millatone-Porphyry,  841. 
Uiuenla,    Mpeot   in   look  aeotinna, 

134,  164. 
Uiuette,  222,  224. 
Hispiokel,  73. 
UodioU,  337. 

Uohr'a  dieplaoemait-sppantiH,  lOS. 
Molybdeoite,  73. 
MolybdeDnm,  t«at«  for,  tZt 
UonactinellidK,  200. 
MraiograptuB,  303. 
Monomyaria,  330. 
Moiiophyllit«8,  366. 
Uoniqileara,  331. 
Uonotia,  836. 
UoatliTaltia,  309. 
Mounting  of  microeoqiioolijeota,  198. 


Mya,S27. 

Mylonitio 

M  yophoria,  334. 

H7taiu.887. 


Ha99a,S46. 
NaUoA,  360. 
Natioopaia,  361. 
NatrTohte,  74,  160. 
Nautiloideft,  368. 
Nautiliu,  368. 
Nebalia,403. 


Neocrinoidea,  377 
Nephelioe,  74,  M,  160. 

„        -Andeaite,  260. 

„        -Bautt,  260. 

„       'Diorite,  219. 

-Dolerite,  231,235. 

„        •87emte,aS3. 
-itaohyte,  047. 
Nepkelinite,  232, 236,  SSS,  SSL 
Nermeo,  360. 
Nerito,  361. 
Neritina,  361. 
Kiooolite,  7S. 

NiaholaoQ'a  aneometcir,  20^ 
Nicholaon,  on  UraptolitM,  MS; 

Heiiolitea,  306. 
Niokel,  teate  for,  6S,  69. 
Niokeline,  73. 
Nitre,  74. 
Nodoaarift,  296. 
Norite,  227. 
Noaean,  B4,  170. 
Noseanite,  232. 
Nobhooeras,  358. 
NoTaoulite.  211. 
Nnonla,  333. 

Nnlliporea  (ooraUinoi},  WL 
Nummulitca,  206. 


Oblfoae  e 

Obolella,  3^1. 
Obolua,  321. 
Obaidion,  I0\  S64. 
Ootooorall*,  304, 806. 
'0^gU,309. 
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Olooatophuiiii  (N«ooomiaii],  412. 
Olenelloi,  896. 
Olasaa,  397. 
Oligodue,  74,  84,  17.1. 
OUvine,  74,  170 ;  nodulta,  WD. 

„      -Bu&lt,  2i7. 

„      -DiabBaa,  ^S,  2(8. 

„      -DoLerite,  234. 

„      49abbro,  232. 

„      'Leacitite,  S6I. 

„      •NEphelinito,  281. 

„      -Rook,  239. 
Onphynu,  307. 
Onuooi,  37  S. 
Oolites,  209. 
Oditie  ■traatnre,  9S,  SOS;  ia  Sii 

212. 
0«>1,171. 
(telu(wloit«,  874. 
<^ite,  101,  237. 
<^Uo  rtrnotare,  101,  220,  26a 
<^uniidM,  388,  389. 
Optietl  BigD  of  mineralB,  147. 
Orbicular  atraotiire,  102,  220. 
Orbionloidw,  321. 
Orbitoidso,  290. 
Onhia,  319. 
Orthooeru,  3S9. 
Orthoclaw,  74,  84,  171. 

„         -porphji;,  224. 
OrthognoiBs,  278. 
OrthODoU,  334. 
Orthophrn,  SS4. 
OatTMOd*,  SOD. 
O«tea«,330. 
OttreUte,  172. 

fWiHijring  fluno,  4& 

Oxynotiatrai,  SW. 


FalaaFea,  SS3. 


FalMhinut,  3BS. 
TiiKooorvUet,  406. 
Fnlsoor^oidea,  377. 
FkLeoatology,  works  m 
lUwanite,  260, 1269. 
fkleohinoidu,  3SB. 
Fklndiiu,86a 


Paradoxidei,  396. 

P&nigDeias,  278. 

P&»Ei)iiite,  2ra. 

P&rallelodan,  332. 

Pariah's  b&Ianoe,  27. 

ParkiDBonU,  369. 

PatelU,  3S.i. 

Pectea,  341. 

Hectunculna,  3S8. 

PegnidtiUi,  219. 

Hegmatitic  straatnro,  101. 

P«Ua  Hair,  'J68. 

PeotaarinuB,  378. 

Pentamerui,  317. 

PeDtremilm,  380;  P.  dl^ftiem,  HO. 

Peridotito,  236,  263,  268. 

PeriBphiDctea,  369. 

PerUM,  204. 

Perlltic  Btmatnra,  98,  260. 

Perna,  3:J7. 

Peronidella  (Peronella],  302. 

Patrography,  work*  on,  133. 

Petroailei,  -^20,  242, 

Pbacopg,  400. 

Pharelroneg,  301. 


Phenocrvats,  97- 
Phillipaia.  401. 
Phlogopite,  173. 
PhoIudidEe,  327. 
Phol>dom;a,  328. 
Pliolaa,  AH. 

Phonolite,  247,  248,  240. 
Phonuoaoma,  388. 
Phoaphatio  depoaiM,  206. 
Phoaphorio  aoid,  test  for,  86. 
PhosphuruB,  test  for,  63. 
PbragmooersB,  300. 
Phiagmophora,  371. 
Phylhde,  2;7. 
Phyiiite,  277. 
Phyliocaridi,  403. 
Fhylloceraa,  305. 
Phyllopoda,  392. 
Picrite,  236. 
Piuite,  173. 
Piimft,  337. 
PiiiDigeuo,  337. 
Pisolitio  Btrunture,  00,  80S, 
PUtocite,  101. 
Pitchblende,  74. 
Pitcbaume,  203. 
Pluijioalaaai,  17S. 
I'bgiosMnw,  341. 


D^zecb,  Google 


FlMtw  <rf  Pari*  phtM,  SB. 

Pyrito.  72. 1«S.  291. 
^rol««te,74. 

PfzoitDm,  177,  190. 

PUMttnU,  342. 

'    „        -Diorite,  227. 

Pnkma^  ttnetan,  101. 

Pyml^347. 

182. 
PolyM,Sll. 

4. 

FimeUwM,20e. 

FOroUMiito.  272. 

Qnaitz,  75, 177,  in. 

Fwiferm.2g8. 

„      -Andoibe,  249. 

PwiALyrito.  230,  280,  2S1,  2BS,  961; 

„      -Aphanito,  220. 

„      -Dioribe,  225. 
„      -Felnte.  220. 

Foalir*  and  iMsatiT*  atyrtali,  68. 

:  :KS£Cm 

i;      -^l^yrit^  2B0i 

Prartwidiim  402. 
PrimitU,  302. 

::  ;5S:a^'" 

Fradnotofl,  SI9. 

„      -Sohirt,  278,  283. 

FnMtu  ud  Pmtida,  401. 

„      -Trwhyto,  240. 

„       wodge,  lajt,  148. 

pHdimiiliw,  402. 

nojuruona 

PronphocMto  ihell*,  SBL 
PnMobMBohiaU,  34B. 
PnitMter,  SSB. 
Protooutua,  33S. 
Pnitogliie,  384. 
FrotomMifria,  901. 
PTcitulIte,^4. 

PMado-hTnntlMDB,  U7|  flit. 
PMudoiiieUiii&,  340. 
PiUocBraa,  S67. 
-  ■       -        74. 


Fteropoda,  894. 

PUaygottn,  408. 

PnlmMuU,3{a. 

Ptunioeons  straatan,  90. 

Pmpnr*,  S47. 

P78Mt«r,38C 

^gop»,  819. 

IfBDchytia  (Intaior  OoUte),  411. 

IJmrBTritMk  74. 


It>dDi*,341. 
tUfluMqniiu,  819. 
lUrtribM,  308. 

Redaomg  fliune,  4S. 
Befleotive  Ooaiomatani,  17-19. 
Kefraotive  index  of  minenU,  141. 
Begioml  llMuDorphim,  273. 
B^aluM,3B4. 
BelKMiphonMe  (hellB,  302. 
BetaIa,81B. 
B&ki^udoiMiiw,  SOS. 
Rhiiopod*,  284. 
Bhodooito,  73. 
Bbombia  PyranoM, 
Rhynohcnelk,  Sle. 
BbyoUtv,  240. 

„        -OUMiaOi. 
ShyiiitiaAaimt»,aa, 


ITS. 


Google 


-kitiL  181. 

Kght-handed  Bhalla,  8M. 
BimeU«,M8. 

d    aromM    in    ocnvergeat 

d  light,  ISl. 
i,3B0. 


Booki,  rtudy  of,'  in  field,  S3. 

Kobrhkah'B  aolntion,  HO. 

RortelUru,  347. 

Robdim  2i'6. 

BodirtM^  331. 

Knpert   Jonea,    T.,    on    Oittaood*, 

fSl ;  on  E«tberi«,  3M. 
Bntik,  K,  179,  187, 191,  &77. 
Entlay,  ou  Nononlite,  218. 


439 

^pantna,  llS-120. 
Sci>i»,374. 

Seplt^ioo  itmotan,  96. 
SerioitA,  169. 

Serpentina,  minanU,  180;  rook,  8B7, 
281. 


Sheila,  aonstitation  of,  201. 
ShellT  Limsatonee,  201. 
8ident«(-Ch>l7bite),eS.    ,     ,,. 
Siftiog  oi  powdered  ni&toriala,  U3, 

isa 

Silioatea,  d«oompoaiti(Mt  ol,  »• 
Silioon,  UaU  for,  63. 
SiUimanita.  ISO. 
SUver,  testa  for,  68. 
Sinter,  90S. 

Sinopslliatfl  lAmelUbruioha,  SSS. 
SiphoDBte  LuiieUibr»iioba,  dSA,  328, 
385. 


192. 
.  171- 
Skiunire,  H.  B.  de,  detenninAtkms 

of  foiibility,  46. 
e«UBDrit«,  177, 227,  286. 
Scaj^tea,  S71. 
Scaphopoda,  S4S. 
SoapoUtea,  17B. 
8ahalat^2fi8. 
""  Vand&AutcSTS. 

aation,  20,  138. 
EMOinc,  S78-S8& 
Sohlwdiw.  334. 
Behkanbadiia,  866. 
Sehkthaiinis,  366. 
SofaliUw,  oo  Belemuitdla,  374. 
Bohmidt,  m  EwTpterida,  403. 
Schorl.  188. 
Solocography,  288. 
BooriaoMiia  atniotare,  99,  10& 
S<mte1U,386. 
Soyelite,  837. 
Sea-nnihiiia,  381. 
Seoondary  derlbifiaatitm,  841,  244, 

204. 
SeoondaiT  grawtha  of  orTatBla,  187. 
fieotiona  for  the  microaoope,  138. 
~    ika,  186.214. 


Skeleton-apheroUtaa,  244 
BL»te,276. 
Sm&ltine,  70. 
Smaragdite,  164. 

Smeeth,  tm  apeoi&o  gtSTity  of  amall 
gratna,  24 ;  aepaiatuig  appantu, 
ilO. 
SmithaODite,  08. 
Soda-Amphibolea,  ISOl 
-Mioroolina,  168,  178. 
,   ■HitM,76. 

„   .Orthodaae,  74,  84,  ITS. 
„    .Pyrowoei,  181. 
„    -R)|ndit^  846. 
,,   -Trachyte,  248. 
Sodalite,  84,  181. 
Sodium,  t««ta  tot,  64, 81. 
SoiU,  waahlns  of,  115. 
Sollai,  on  diffoaloD-oolimi 
Solubility  of  mlnenla,  38 
8on«tadt*a  aolntion,  29. 
Sijrby,  on  mtciaaoopie  moantiw  128 1 
CD  aand-gruna,   188  i  oa  btcHiaa' 
field  ilate,  800;  on  aonatitntitai 
ol   ahoUa,  201;  on   oolite,  804: 


304. 


81.  1! 


Cioogic 


r,S4 
8p«oular  iron,  79; 
Sphme,  7«,  183. 
Bphniain,  339. 
SpharoicUl  •tmotnre,  V7. 
Spbcrolitio  itruoiaro,  SS,  311,  S66, 

267. 
Bpilits,  2SS. 
epiiiel,7a. 
Bpinelloidfl,  188. 
Bpirifer,  318. 
feirifwitw,  318. 
8pinik,374. 
BpirnlinMtn,  37^ 
SpondyloB,  342. 

BpoagB-BpioQlM,  298 ;  in  i^utt,  211. 
Bpongea,  298;   ■UioMU,  298;   oal- 

a»i«ons,301. 
Spotted  ShAle,  279^ 
StalMtitei,  207. 
-    ■        ■  et,  207- 


Sti&iito  (=AntUK>nit«),  66. 
SUIUto,  182. 
Strught  ezUuotioD,  147. 
Stroll  Ifi. 
etreom  Tin,  S8. 
Strike,  7. 

StringDoephalnB,  316. 
Stripe  in  aUte,  276, 


8trontianit«,  76. 


<  for,  Si. 


Btjionnnu,  403. 

BnlphDr,  teats  for,  60, 64 ;  ofttiTe,  79. 
BTenito,  222 ;  CompMt,  224, 
BjrlTine,  Id. 
ByringopoTk,  310. 

BEfib6   on    Flune-CMotdooa    of    the 
Pelepus,  78-84. 


TaeliTlTte,  266. 

TiilVi6,  18i 

„  .Sahi^2Sl. 
Taril,oiifiUto,ta,277,  a 
TeUinA,  32fi. 
Tellnrinm,  48. 
TentMolitM,  355. 


Tdphrina,  2SS. 
Tephrite,  Z6fi. 
TerabntuU,  31S. 
TarebcatuUu,  816. 
Ttredo,  327. 
Tetrooorall&,  301. 
TetnotinelL*  (Retak),  4QE- 
TulraotinellidE,  X0> 

TeitoWift,  aas. 

Tbtllinm  silver  nitnte,  UDL 

"niuniiwtra*,  309. 

1'he(»,3M. 

TheooimiliB,  309. 

TheofMomkt*,  354. 

Theralit«,  229. 

Thoolet'B  aepuatiiig  •ppKstoa,  lU, 

117. 
Thread-Iaoa  icon*,  388. 
Tin,  teals  for,  64. 
Tiaitone  ( =  Cai«iterit«),  68. 
Tiree  MarUe,  27*. 
Titania  iron  ore,  76,  1S3. 
Titoniiun,  tests  for,  64. 
ToQttlite,  225. 

Topftj^  76,  isa 

Tourmaline,  77,  1S3,  ISa 
Tonrmaline-Oraiiite,  319. 
Toxuter  (Neooomun),  41& 
TrBchjoerai,  364. 
Trachyte,  24S. 

„        .01aM,2S6. 
Trach  vtic  Andeute,  2n. 
Trap-GranuUte.  230,  286. 
Travertine,  208. 
Trayi  for  apeotmena,  39L 
Tremaoystia,  302. 
Tramoht«,  184. 
Triartbnia,  393,  806. 
TricliitM  (OTTHtallitea).  2SS. 

„        (moUtuo),  337* 
Tridymite,  184. 
Triaonia,  333. 
TrilobitM,  393. 
TriDndeat,  39S. 
Tnraholites,  858. 
Troohiu,3M. 
TrootoUt*.  234, 238. 
Trophon,  847. 
TuA,  lOS. 

Tnngatan,  taatt  ka,  64. 
Tnrbo,  391. 
Turrilitea,  371. 
TnTTitella,  340. 
Twinningi  16,  187,  lA 


CJoogIc 


0010.194. 

Unlite,  107. 
UmuQni,  tMt«  kr,  95, 


V. 

TarloUte.  sss,  267,  aos. 

TonerioardjA,  330. 
Tentrioulitaa,  SOI. 
Teniw,  82S. 
Verde  di  Cconok,  227. 
TibntioD'traots,  86. 
Titre«,296. 
TiTunite,  77,  89. 
ViripaM,  360. 
Tc»^Ui,226. 
Tokaiiio  WKloDMntM,  IML 
1,8*5: 


T(diiU,ft 


Waldtaelmla.316. 

W^ur'a  speoifio  gravity  balanoe,  26. 

Waahlnf^M  powdered  moteriali,  lli. 


Wet  namta,  torts  witii,  SS. 
Wethered,  on  oolitdo  ■tevotiiTB,  S( 
Witherite,  77. 
Wolfram,  77. 
Wollaatonito,  77. 
Worm-baringi,  388L 


Xantbopsls.  406. 

Xenooryata,  97. 
Xiphoaua,  403. 


Zaphrfltttts,  807. 

Zeolitea,  184. 

Zino,  teats  for,  OS. 

Zino- Blende,  77. 

Ziroon,  77,  ISS,  187,  101. 

ZirooDituii,  toets  for,  60.  77. 

Zirkel,  on  Phonolite,  247. 

Zobtenite,  286. 

Zoiaite,  iH5. 

Zoned  atractore,  Ul. 

ZoDM,  aeoondarf,  ummd  minenls, 


,GooqIc 


)  by  Google 


A    SELECTION 

SCIENTIFIC  AND  TECHNICAL  WORKS 

CHARLES    GRIFFIN    &    COMPANY,    LIMITED. 


IIEBSRB.  CHARLES  QRIFFIK  &  COMPANY'S 
PTJBLIOATIONS  omj  h*>  obtained  through  uiy  Book4ellar  in 
the  United  Kingdom,  or  will  be  Mat  Foit-free  on  receipt  of  a, 
remittance  to  cover  pnbliflhed  price.  Ta  prevent  delsj,  Orders 
^onld  be  accompanied  hj  a  Cheque  or  Postal  Order  oroawd 
"Union  of  London  and  Smith's  Bank,  Chancery  Lane!Branoh." 

'.*  For  IJifDEX,  see  next  page. 


•  COUPLETE  TECHNICAL,   UEDICAL,  and  aSNESAL 
CATALOOVES  formrdad  Poit-free  on  AppUratioiL 


LONDON: 
EXETER   STREET,    8TRANa;ooglc 

111/04. 


AMDRKWH  (L  ).  Eimtrioity  Cootrol, 
ANQLIN  (9.1,  DiuniotntnuitiiiH,  . 
ABCHBUTT  t  DEELEY.  Lubriation 


BAUER  (M.).^n«ion.  8Ura«,  . 
BERINQBK  (J.  J.  k  C),  AMAjiBg, 
BILES  (ProL  J.  H.),  ComtnotioD 

Shin. 

BLAOKHORE   (&.),   Uarouitile 


. — _, inbetarvn,  71 

BLYTH  (A.  Wjntef),  Pooita»nd  PaiKHU.72 

80KCHER8<Dr.1.  BlMria ■mcltliic.  87 

RQUOH  (B.  H.l,  Uitm-SumTiDg.    ■  f? 

BROWNE  (W.R.VWorkibj,    .       .  47 

BRUCE  (RobL).  Pood  auppiT,    .       .  fiS 

BUCK  (R.  C),  Alcabn,      ...  IE 

TrigononiatiT, ^2 

BURNS  (D.),  CoUiraT_Bleatric)»,       .  es 
BUTTBBPIBLD    <W,  J.    A.),  Qu 

mannhotun. 77 

OABTELL-ETANS  <  Pn>r.),  T>bW  for 

OLB(PwfO.'A.J.').Pnetl(«IGMlDn.63 


Opm  Air  StudiM  io  Ucologr. 

COLSTW.  H.l.  Ughl  R^l»»n, 
COLLINS,  (H    P  ),  Land  tnd^il 


OCX  (8.  H),  Pr» 


ig  for  Minsnli.  G6 


CUNNINGHAM  (B.).  Dmkl 


DAVKY  (H.VPumpin|[MMhin»rT,  .  S 
mXON  (C),  Bird-Life,  .        .        .    » 

DONK:lN(Brysn).tiuui()OilBni(iiiM,    » 

Effloisnoy  of  3t««n  Bollcn,     ,        ,    !i 

DOW8INO  (H.  J.),  ElMtrid  Prices  3t 
DUBRR  (Om.),  BlMohinc  ud  Cklioo- 

DUPRES  HAKE,  Uaniul  of  Ch«mirtrT,7l 
■JHERIDHB  (R.).  Qmoltm,  .  .  S! 
nOLBK  (Prof.),  Brldff  Coutniotioa,  B 
FiBLD    (B.    B.),    Minins    Eniinacn' 

Rfport  Book 5! 

VOBTBR  (Sir  O.  le  S*n),  On  mhI 

Stoiw  Mfiriiw,        ....  n 

Bl*nMDMn  Hinins, . 

QINSBURO    (Dr.),  L^>l   Dutiv 

■blDnuMen,   . 
GOLDlNO  (H.A.),  Bonua Tables, 
aRIPP(N'SEIeotri™l  Pr* 


OUTTMAN] 


HOr)ttH(JN  (R.  B.),  Kmery  (Jrindii 
HUGHB.^  (H.  WO,  Coal  flinmi,, 
HUR3T  (CW),  ¥.!«.,       . 


HURSt'(g!  H.f  plinSf"i3ilou 

libomtQij  Qaide  to  P«lnt", 

(Jirment  Dyeing  >nd  Clwnii 

JAUIEIJON  (Prof.),  MiRDtu, 

Kleolrical  Trunwmji, 

JENKINS      (H.      C),      MetkUurgioiJ 

MiobineiT. 
JOHNSON  (J.  C.  P.l,  (tettinic  (Md, 
JULIAN  (H    P  )  and  SMART  (£) 
_C]NM]ldin(  Qold  and  SilTer  Ora, 

>l  Colltfiltpinji, 

.<!,  nveW, ! 

LAPAR.  Teohnlod  Hyoologr.       . 


LAWN  (J.  a.t,  UiTW  AoeoiiBtk  . —  .  I 
LBEUS  I F.  U.),  and  UUTTKRFIIILD 

(W    J.  A.),  Acelyleiw, . 
LIVERSIDUE  (J.  U.l,  1 

LYON  (PW),'llDij'dinr  (^mmi 
MACKKNZlElT.).  HochwiicB,  .    i. 

MACLEOU  (W.  A.)  and  WALKER 

:C.),  Meialliusioal  CboDiKiT,  .  ■) 
U'MILLAN  (W.a.t,ElMitro-HMaiam,« 

&  BORCHER8.  Electrio  Bmoltiu.  ff 

MIDDLKTON  (R.  B  ),  Water  Supply.  IT 
MILL(Dr.R.H.).KewUndi,  .    H 

HlLLARlW.J.),LMiliid*ALauitiid«,e 
H1TCHEU.(0.  A.),  PlohPooS;  .  73 
MORGAN    (J.  J.),    HMaUurtiod 

HUNBO*'*  JAUIBSON'8   ElMtrio^ 

PaahM-BuA, « 

HUNRO     (J.    U.    H.),    AgricDlturai 

AnaijtU. 7S 

MUNRO(R.  D.I,  Steun-Boiln,  .        .  M 

KiUheli  Boiler  ExplauooL    .        ,  Si 

NAYLORlW.l.  Tndei'Waita,  .        .  7« 

UPPENHEIMEH  (G.\  Perrnantii,  .  74 
OflMONO    &     STEAU,     Misroecoiua 

Analy*it, DO 

PARK,(j.),OnnidePn>c^  .    U 

PEARCE(W.  J.),PaiDtiiij[, .  .    W 

PETTIQREW   (W.   F.i,  Looomodn 

RiurinHring, m 

PHlLLIPaai  BAUERMAN,  MitaUnrn,  N 
PHIPAON  (Dr.T.  L.).  Atmophara,  .  S3 
POYNTING  (Prof.\  Mw)i  liorain,    .    GO 

&  THOMSON,  PhyaiiH,.  .    M 

PRAEOER(R.  L.I,Op«nAirBotut,.  SB 
RANKINB-S  Worlu.      .  .      SB,  3t 

KAWSON.QARDNEK.  *  LAYCOOK, 

Diotionarr  of  DyMMIL 
REDGRATE((^  R.)rC«m«ila,    . 
RBDWOODlDr  Banrton).PMr 
&  THOMSON.  Handbook, 

PetroJeum  Lamp,      ....    01 

RB^DlSirKJ.),  StabllltyofShipL  .  M 
REID(Q«fc,  M.D.),8«iitation.  .  TS 
RIOHMOND  (H.  D.).  Dairy  Chemlrtn.  71 
ROBERTS -AITHTBN  (Prof.),  HMt 

'"Tin- ■ 

ROBIn'^Sn  (Prof.);  Hy'dianU.*.  '.  '.  3 
ROSE  IT.  K.).  Gold,  Metallnnnol,  .  O 
R0THWE:LL,(C.F.S),TntiKPi£itiDi,8S 
SCHWACKHOPBR  and  BROWNE, 

Fuel  and  WaMT,     .        .  ■     .  ,    ff 

HUHWARTZLOf.  ™n).  FireRiakfc     .    77 

Enfineen'  Pooket-Book,  .  .  .  4t 
8GELEY  (Prat.),  PhyrioalGMloCT,  .  fit 
SEXTON  (Prof.),  Metailorp,       ,        .    M 

QnantitatlT*  A  Qualitatrn  AdbIti^    If 

SHELTON  (W.  T.),  HMbania-i  Qudi,  98 
SMITH, (J.), Sblpmartar'iHedinl Halo.  5 
SMITH  (Prc;f.  R.  H.),  Oalonluir.        .    « 

Maaturemsnt  ConiaiuonL  .    tf 

SYKESfDr.  W.J.),B™«lni^  .  ,  n 
TRAILL  (T.W.),  BoiLen,  .  .  .  H 
TURNBR<ThaaO.Iron.  MetallDnrTot,  8B 
WALTON(T.),Know*oiirOwn8llR      M 

WATKINSO?(Pro>.),QaiED(in«t,  .'  a 
WEBEH(Dr.  0.0),WuRSl,b«^  .  m 
WELLS  (8.  H.\  Enginoennjr  Dnwiiu.  V 
WIGLEY  (T.    b.l,  (loldmlith   and^ 

Jowaller'i  Art, M 

WILLOUGHBYtDr.  E  P),  Milk,  .  73 
WOOD  (Franci.),  Sanitary  EusineorW,  7S 
WORDINGHAH     (C.     H.),     CMtnJ 

EtMtrioal  Bution « 

WRIGHT  (llr.  A  I,  Oila  and  Pata.  M 

YRAR-BOOKnf  Sai«rtileSod2H,  ,    H 


Qriffin'8  Standard  Publications 

■liaiHUU  MOTBICuirj  ABCHiraOTS,  BOTIDBM, 
IIATAI.  COOTTRBCTQgg,  AMD  8DRTIT0BII 

S!mK.?'^V^".S™'    •  S.A.SLIH,.  .  .  jj 

Engjneeflng  Drawing, .       8.  H.  Weiu, 

ElectrMty  Control,      .  L  Akosiw,,      . 

Ujrht  Rjflways,    .       .  w.  H.  CoiE      . 

StuMiDlipoial  Works,  Sahto  Cm,, 

Sanitary  Enarlneerlng, .  F.  Woo»,    . 

S»"i?",''i5".  •    ■    K 1-  oiwE., : 

LojomotlTo  Engrlnoering,       w.  f.  p,™„,„. 
Valves  and  Valvs-Gearlng:.  Oau.  Hoeit,      . 
mnts  on  Design, .       .       Cai».  huest!     . 

■«nj  Englnetrlng,  A.  E  SEin™,    .  45 

Bnglna-Koom  PraoUcs,        J.  G  Liyeeeime,  29 

n2S!.'"'?S;.        ■       ■       Se.,o,»,.iu,„„i„„^4, 

DSIlgn  of  Ships,    .  Peof.  Hi«.iED  B11.E8,        S8 

StOSi  VaiSSlS.  T.  WjlTOB,  3! 

„s«»™yofship.,       .      s,eb.  J,  B.»;      ■      M 
JanHoalSari Ed.  by  o»pt.  Buomoee,   3a 

Su.  Oil,  and  Alr-Englnea,      BsiiK  Doeiie, 
Gas  and  Oa  Engines,  .       Pboe.  WiTimo. 

Boilers:  Land  and  Harlne,     T.  w.  Tbihl 

Steam,  E.  D.  Moteo, 

KltOhsn,       .  B.  D.  MuHEO, 

„       Heat  Effieleney  of,  Betam  Dokkie, 

niel  and  Water,  WE.  Beowee,  . 

■aehlnsry  and  MUlworlt,      Pboe.  iu,a,„ 
Pumping  Haoblnery,   .       H.  Datet,  . 
Hydraolle  Machinery,  .       Peo,.  Roediioe,  37 

Grinding  Machinery,   .       R.  E.  Hodqboe,.  33 

Lnbrlcation  and  Lubricante,  Aeohbutt  Jc  Dselbt,      33 

Hues  and  TaUes,  Raheike  aito  Jaiiie«»,    st 

Bonus  TaWes,  H.  A.  goldisg,  .  31 

neetrleal  Po«ket-Book,  Mueeo  ard  Jahiesoe,  49 
Bleetrieal  Priee-Book,  .       H.  j.  Doweiito,  .  33 

The  Calculus  for  Engineers,  Peoe.  Robt.  h.  Shith,  43 
Measurement  ConTsrslons,  Peof.  boot.  h.  Smith,  46 
Chemistry  for  Engineers,  Blockt  a  Bloxae  47 

ISNDOll:  OHJIIUS  SllimH  I  CO..  UmTED.  EXETEH  STBEET  BTRMD. 


CHASLHS  OniFFItr  s  aO.'S  PUBLWATIONi. 


THIU}   Edition,  Rtviud,     with  an  Addiiicnal  Ciafltr  em  FauHdatiamt. 
Ifumtnml  Diagraim,  ExamfiUi,  and  TabUs.     Larg*  Sw.     CUtk. '   l6f. 

THE  DESIGN  OF  STRUCTURES: 


Br    S.    ANGLIN,   C.E., 

d(  BBfbHitaii,  Rcral  Uniwaty  oT  InUnil,  Uu  WhinroRb  Sckakr,  1 


nAcnciL  Tut- 

"W*  «ui  DnbwuliBclT  neHBDiBid  tbii  nik  dm  gnlr  t*  Ih*  Sludnil.  u  &•  H>r 
Tbt-Booh  on  tha  mUki,  bni  alH  to  ika  |in<ndo»»l  anaiBHi  u  iB  wurwrnnmaa 
>_-..  -,_. ■■—MttMarnkml  Wtrtd. 


Tmiid   Edition,    Thttvuihly   Rtviud.      R^tal  Ib*.       Wkk   rMMMrvtw 
nimtratiam  and  13  Lit/tefrafhu  Plal^.     Hamditmt  Cltth,     PHa  JM. 

A    PRACTICAL    TREATISE    ON 

BRIDGE-CONSTRUCTION; 

Bcfag  %  TcEt-Book  on  the  Gonttnatloii  of  BridfM  li 

Iron  tnd  BtooL 

FOR  THE  UIE  OF  ITUDEHT8,  ORAUSKTSHEN,  AND  ENIINEEIU. 

By   T.   CLAXTON     FIDLER,    M.Ivit.CE., 

PnC  ar  bfiMntpE.  Uni'aHitT  Cnllafl*,  DnsdH 


Gbnbral   Contents.— Part   I.— Elementaiy  Sutics.      Part  IL— 
General   Principles  of  Bridge  Const™ clioo.     Past   III.— The  Strength   cf 

M«terials.     Part  IV.— The  Design  of  Bridgei  in  Detail, 


Ain>  FULL.    The  volame  will  be  foQDii  valiuble  and  mafol  klike  to  tkoM  who 
swy  viih  to  itndj  onl;  the  theoretical  prindplM  eoonciated,  and    .    .    . 

to  othen  whole  object  tnd  bntinesi  ii    .    .    .    tmctical-" — 7nr  ffiigiiinn' 
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aitaiirsBRiNe  and  awoHAmva. 

In  I^rge  Sro.     Handaome  Cloth.     With  Coj 
and  lUnatntioiiB. 

The  Principles  and  Practice  of 

DOCK    ENGINEERING. 


GENERAL   CONTENTS 

HiatoriokL  and  Diwrnnivn.  — Dock  Doiign.  — CoDatructiv«  Appliuicei.— 
U*t«rialB. — Dook  and  Quay  Walli.— IGntranco  PaaMgei  and  Looks. — 
J«tti«s,  Wbarvea,  and  Pier*.— Dock  Gates  and  Caissons.— Transit  Shad* 
and  Warehouies, — Dock  Bridges. — GraTing  and  Repairing  Docks. — 
Working  Eqnipment  of  Docks.  — Ihdix. 

*,•  The  object  ol  ths  Author  ho  been  to  deol  fnllr  siid  omnprehenilvelj  with  tha 
pCDblRQi  srlilng  out  ol  the  conatructlon  and  msintenBDce  al  Docks  snd  their  appsusgss, 
not  lUnplT  u  >  record  ol  worha  canled  ant,  but  u  a  trestiM  on  the  princlplet  nadar- 
Miig  tbet  canitniFtion  ud  ui  InveitlEstton  of  the  RiEthemstlcBl  theories  iDTDlved. 
It  is  prlmsrilf  intended  for  the  studeot ;  Liut  it  ib  hoped  that  the  Large  uatnuit  of  data 
and  msterta]  collected  trom  varloua  aourcEs,  and  In  many  cues  contributed  ipedaU; 
for  (hla  book,  vlU  render  Itnierul  lo  theeipert  eaglDecrssaworkof  retin«D«;  whlla, 
at  (he  same  time,  of  general  Interest  to  directors  snd  others  connected  with  the  man' 
•gnneiit  anil  sdnilnlttratlun  uI  teaporti. 


Thisd  Edition.     In  Two  Parta,  PnUishcd  S«pantMlj. 
A    TEXTBOOK    OF 

Engineering  Dra¥ing  and  Design 

ToL.  I. — Fraotioal  OfOMnBT,  Plahs,  aitd  aoLi&    3l. 

ToL.  II. — Maohinb  and  Ehsikx  Diawiro  and  Duioh.   4s.  6d. 


SIDNEY   H.   WELLS,   We.Sa, 

PriMlpal  af  tk*  BattM  Palrteebala  laMtett.  asd  H«d  if  the  SnilDeirlBa  DewitmHt 

thtnta;  MnaarlTOtlke&iclnenlBcDcnutiieBlaarttieloifihbeOiDifa 

Leedi ;  sad  Ddlwuh  DeLl«^  Idadon. 

WitK  NWMy  /Husfroiions,  tptdalig  prtpartd  for  (Ac   fFori,  omd  mntsroM 
if,/or  (As  Vtt  o/atudaitt  in  Tidmieal  SekooU  and  College*. 

issd  on  u  Bxctuan  STimi.  eslealatsd  M  fl>e  aii  lalaniisal 
isers  fvaltr  at  methsaksl  eeprlnf .    .    .    .   Mr.  WaUs  ilitav 


K'u-a 


mm*:  CHtRLES  SHIFFIII I  CO.,  LIIIITED,  EXETER  8TI1EET,  STIUIIBl 


S  OHABLSa  OB/ffiy  *  OO.'S  PUBhlOATloyS. 

WoFlu  by  BRTAN  DOKKIK,  K.InitC  E..  M.Iii«t.Meeh.E.,  fte. 


QAS,  OIL,  AND  AIR  ENGINES: 

A  Pntetleal  T»t  -  Book  on    Intomal    CombasUon   Xoton 

wltbont  Bollar. 

St  BRYAN  DONKIN,  M.Inst.C.E.,  M.Inst.Hkh.E. 


K-lMdik,  Fnuii,  u4  Gmbvb  Ou  Iiniiiw    Gui   Produdiai  lor  ll 

uTr^!  Stfrlini'i,  Xriaueo'i,  ftc,  kc 


naary  M  ih*  G»  BociiH — ChiMMl  CsBwulIiaa  oC  Gm  id  Gu  EoaiiHt— UtDuMn  tt 
HHl—BnlsMB  mid  CluifcMliM.  OU  ■«!•»■ :— HiMon  mnd  Dn^afnuM— VuI*m 
Tn«-  Pnouuii'*  ud  Mhir  on  Ei^iaci.     Bct-lir  iDKtDM :— Hittvy  mat  I>e«I*v- 


ir  Eniinu.     .     .     .     VD1  bi  «1 

faaJluj  with  i1m  motu  of  Ihs  dijr.     .     ,     .     Ur.  Ihiilua  hu  tb*  idnnuc*  ol  umm 

ud  IP  MCunUt  pvrcntivi  sf  ttc  nqiiir*»«DU  af  EDfiDHri.' — 7*^  fjiifHHV*. 

"«•    MKAXTII.T     IKaKHlMD     ^r.    DmUi'i    wlik.      ...      A     DUBUDIlU    nf  WlM 

"  k.  Iliw«intlr  MLiAiLm  «ikI  PWACtrr*!  Ttmiju."— Jiy™n'*lf ■ 


In  Quuto,  Handsome  Cloth.     With  Namcrous  Platn.     ijl 

THE  HEAT  EFFICIENCYOF STEAM  BOILERS 

(L&HO,   MARINE,    AND    LOCOMOTIVE). 

Wth  many  Tssts  and  Experiments  on  dllTepent  Types  of 

Bollan,  as  to  the  Heaunr  Value  of  Fuels,  &e.,  mth 

AnalysM  of  Gases  and  Amonnt  of  Braporatlon, 

and  Suggestions  for  the  Testlnir  of  Boilers. 

Bt    BRYAN    DONKIN,    M.Inst.C.E. 

Gbnkral    Contents. — OudlicKtioD    of  diflerenl    Typei  of   Boilen — 

4SI  ExpertmaitB  on  Englith  and  Foreign  Boilen  with  their  Heat  EfficnBiciei 

ihown  in  Fifty  Tablet— Fire  Grates  of  Vanoui  Typo— Mechanical  Stoken — 

ComtnutioD  oi  Fuel  in  Boilen — Truinniuion  of  Heat  through  Boiler  Platem, 

aad  their  Temperature — Feed  Water  Heaten,  Supcfheaten,  F*ed  Pamp^ 

&C. — Smoke  and  iu    FreTentiml — Initniments   used    in    Tcstinf   Boilen — 

Marine  and  Locomotive  Boilen — Fuel  Testing  Stacioni — Diicauion  of  tho 

THali  and  Conduiion* — On  the  Choice  of  a  Boiler,  and  Testioe  of  Land, 

Harine,  and  LocomotlTe  Boilen — Appendices — Bibliogra[diy — Incwi. 

iViih  F(at4t  UlmlraliHg  Pragrttt  matU  ifring  rectnl  ytart, 

and  tht  tat  Mtdtm  Praitut, 
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Tmn  KDitioH.  Jtniwrf  'n<  Cutar^     PttM-m—.  LtalUr,  Uc  M.-  lift*  Larfw  mm  Hit 
Ofm  Um,  Oxa,  )U  M 

Boilers,  Marine  and  Land: 

THEIR  CONSTRUCTION  AND  STRENQTH. 

A  KAvsavoK  OF  Reus,  Fouiui^  Taxuk,  to.,  Kiunva  vo  Hat^oa^, 

BoAKTuxM,  iun>  PuMtrsM,  Smnr  Taltm,  Snnrat, 

Fi^FiHaa  AKB  llommnw,  Aa 

PCHt  THE  USB   OP  ENQINBEBS,  3UBTBY0RS,  B0ILBK-HAKBB8, 

AND  3TBAH  DSEBa. 

Bt  T.    W.   TRAILL,    M.  Inar. 0. E.,    F.E.R.M., 

',*  T«  *■■  Skookd  and  TutKD  Bditidrr  haht  Nsw  Tablh  for  PsnniBS, 
np  to  200  Lbi.  p«r  8<)uars  Inch  Iibts  been  tkddML 


Fovrtk  Ivtprttion.    Large  Crown  8to     With  nnniaroiii  lUnitrktiona.    Si, 

ENGINE-ROOM     PRACTICE! 

A  HAndtook  for  EnflnMn  and  Offleen  In  the  Boyal  Natj 

and  Hereaatlle  llarlne,  Inclndinir  the  Hanaffflment 
of  ths  Main  and  Auxiliary  Enflnes  on 

Board  Ship. 
By    JOHN    a    LIVEBSIDGE, 

^WlnMt,  B.K.,  A.1[.LC.X.,  lutnstor  In  Applied  lbahud«  at  Uw  Soj>«]  Ksnl 
Collic*,  aratavleli. 

CbiUntf.— Ommsi  DMoripUaii  ol  Htiln*  ]lB*hlD«7.— Tlii  Caixllllau  of  Strdetud 
DUlai  «<  lii^wn  or  Ih*  Rojiil  Nitj— ■otrr  und  Oondlttou  of  Strilsf  of  XncloHn  of 
&•  LMdJacb.S.  CanBuiia.— BaOdnilUam-IhrtlHot  %  BUunlac  WUota  on  "-fitt 
tmA  lollan.— tbnltbw  oO  atHus.^Butear  DntlM  knd  WktehM-^AdJoBEwnM  ud 
BoMin  of  fcnUm.-^  tmi  h.Uq  Uld  lapkln  of  "THik"  Boll«n.—11»  Hill  and  it> 
PHltnct.— Olwatsf  ud  tittMat  HublBHT— Bm^kobKiic  Punpi,  r«d  H«tn%  »ad 
ABlmttla  Twd  -  WiWr  Ranbton  —  Brnonloni  —  BUcm  Boua.  —  BMonta  Llctat 
Ka^laarr.— UTdnnJIo  MadtarHrT.— Alt-OomMaalu  PaBIia —SaflrlgenUng  MaehlnM, 
-IbaUHTT  at  Daatrojsn.— Tka  Haaacnnnit  at  Watac-Tnb*  Botton^BMakthmi  ter 
EakT  of  AialaUoi  Bnsiimn,  aN.— QoMUaiia  flTCn  IB  KxaailBMloiii  tor  FrOBUHon  •! 
fiigliiaaia  X.N.— Bainuatl<iBa  raapwUDC  Baard  or  Trada  bamfBatlOBi  for  Knclnaan.  «e. 

"  Tba  onnMnW  cunr  mil  to  ■■  utbbcutbd,"— flM  attmuMp. 

of  lUa  ktaid.  and  It  la  •attifaslorT  ta  Dnd  ilul  miBU.  ARBBnm  has  baan  glvm  ta  lUi 


/«  Chvmt  Xm,  extra,  toM  ATihhctvw*  /iJiutrm(i«tu.      [fiiWl^. 

GAS    AND   OIL    ENGINES: 

An  Introdnctor;  Text-Book  on  tbo  Theoij,  Design,  ConstniatlDD, 

ud  T«Btlng  of  Intamal  Combastlon  Engtnea  wltbont  Bolltr. 

rOR  THZ   TTSB    QT   BTITDaNTS. 

Bt  Prot.  W.  H.  WATKINSON,  Whit.  Soh..  M.I(f8T.MBtm.E., 

Maifnr  ud  W«M c< BeoUaad T*ABlaBl(Ml«*. 

LONDON:  CHARLES  QRIFFIH  «  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


30         OBARLSff  esirrijf  *  ao.'8  PoatiOATioira. 

Sboohd  Edition,  B«nMd.      With  nniiMniiu  PUIm  radno^  bwB 

Working  Dnwinga  Mid  200  lUulnttiotit  in  th*  Test.     SI*. 

A     MANUAL     OF 

LOCOMOTIVE    ENGINEERING: 

A  Praetleal  Text-Book  for  th«  Use  of  Engine  BoUden. 

Designers  and  Dmughtsmen,  Rulwa; 

Engineers,  and  Students. 

WILLIAM  FRANK  PEITIOREW,  M.Inot.CE. 

With  a  Bootlon  on  Amerloan  and  Continental  Bnglnea. 

Bt  ALBERT   P.    RAVEN8HBAR,  B.Sc, 

Of  Hii  UijHty'i  PiUDt  OfflM. 
n>^tMlt. ~ HIMoriut    IntrodaaUoD,   17U-IH*. -Modan    LosoiDOtlna :     MapW.— 
1  LooomoMTM :    Conipound.      Prlmirj  CODaldemtloa  tn  LoooidoIIt*  Dtuem.— 


_Jde Bin.— Qmowitiiif  ud  ConpUiij  BwIb.— WSHta  ud  AiIh,  Axlalon*, Hi , 

wd  Buriof  I>i1iiti.-^l»<i1iii.-f  Mn  Omi.— SJM*  V&liH  ukd  VtXn  Owi  DMaU^— 
fninln>rB<>tM  •"d  A^l*  Tmcki,  BMAlmi  Ail*  BoiH,— Bollm.— BmokaboK.  BiHtPfM 
flrtlioi   nt&(>.— BolLar  MannilDi*,— Tndan.-  BalLnj  BnkH.— LatvtaMls.— Ota- 


rual.  Enbor&tlan  And  EdkTii4  ktBolAnoy.— AmBTlciiD  LooaaiMlT««  — Oon- 


/«  £ar^  Svo.    HamUome  Cloth.     WUk  Piatt*  »»d  lUtMraHim*.    lU. 

AT  HOME  AND  ABROAD. 

By   WILLIAM    HKNRT  OOLE,   M.Ikbt.O.B., 

\M»  DapBtj-Uuuitar,  Kurlli-WoUni  RaUinjr.  Isdl*. 
Contoiti.— DUoiusioii  of  th*  Tarm  "Lufat  Railwa;!.''— Engliih  Rallirm, 
B^tM,  ud  ?*nii«n.  — Li«bt  RkUwan  m  Bslginm,  FraoM,  Italr,  otSat 
■vropaan  Cmutria^  Ameriu  uid  the  Co1olu«a,  lodik,  IrelMld.— BoM  ^Ml^ 
•ort  u  ui  altnnativs-Tlifl  Ligbt  Rtulwiiyi  Act,  1696.— The  QoMtloa  a{ 
GUoge.— CoDitmotioD  »nd  Wurkine. — LocomotiTM  knd  RiJliu-StiM^ — U^t 
BallwkTi  in  Eniland,  Scotland,  uia  WbIbi. — Appendices  >nd  uidai. 
-  ^-....^ „_. ■--')Ui«ord1ou7re»li-"    ~ — 
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Tbibd  Edition,  Revised  and  Enlarged.      With  Nvm^rout 
IUtutratton$.     J'rice  St.  Bd. 

VALVES  AND  VALVE-GEARING: 

ISCLUDINO    THE   CORLISS    VAL7B  AND 
TRIP  GEARS. 

CHARLES    HUBST,   Practical   Draughteman. 

"  OoKiu  emliutlou  liluilnUd  br  lit  'im  cpAi  EiiauHo  ind  ilrnrliiii  mil  Ifnltlii 

■naCtt  tAH  bj  Hiutnta  ud  Ds^ntn.'— Jtiirlx  jfuffUHir. 

"  UuniLkMnunoDaiLi  rKurtiOAL.     Will  BndoiiljUdlT  ta  found  of  ojuat  vilo  te 
kU  coDBwiwd  with  tta*  dMl(n  of  V^n-CHiliiI. "  -  jr«ekaii<Hl  irn-U. 

■■  UmHI  mml  rr  at  tuti  ■■»)  Iti  f«iini;  li  clurif  Hi  tortb.  uid  lllHitnUid  ta 


"  Mr.  Hmri  irotk  !•  imubuli  ntud  to  tb«  uadi  ol  tli*  pnetloJ  msaluBla.  . 
It  la  tfM  from  uj  (kborvu  thforwloiJ  dlwoMlaiui,  mnd  ih*  txpluutlaiia  oI  lb*  ti 
(naaof  nlt*-n>r»r(  MaoupHilad  hi  dlunau  nhloli  mdir  Umid  iuili  mman 
—hi  M«il(4-  4i»nauL 


Mlnta  on  StsBin  Engine  Dealgn  and  ConBtrucOon.    By  Ckabus 
Hoitsr,  "Aathor  of  Val?e«  and  Valve  Ueariog.  '    In  Fapar  Boacda, 
8to.,  Cloth  Back.     lUustratod.     Prioe  li.  Od.   oat. 
CaMnn— L  SImdi  Flpu.— IT.  ValT«.~IIL  Ciiidd*n._IV.  Air  Ftioipi  tad  Coo- 


For  CalculatlDgr  Wa^vs  on  the  Botiu&  of  Premium  Systems. 

For  Engineering,  Technioal  and  Allied  Trades. 

Bv   HENRY   A.   OOLDING,    A.M.Inht.M.K., 

'■The  ■dDpliod  of  thli  triletii  lor  cbB  pnjment  of  workman  I  u  onaled  »  demud  for 
■omc  bkndj  ubiB  or  uriu  nr  Uhlai.  bj  dihdi  ol  which  [he  wiigei  dikj  be  eull;  [omul 
wtlhont  Ibe  BMeiiilT  of  mt  ciloulMlons  wh*»T«r.  Wllh  the  obiocl  af  KipplTtu  lUa 
nwd.  the  eutbor  hH  compllrd  the  fullowlsg  ublOH,  wbloh  btTe  been  Id  pncilnl  ue 

Job  me  m  'time  etrlnv  tppUenoe.'  \' 
1  nnmber  of  men  Itklng  r-' '- 


n.Hntie'T'F       

[■  pnctlallj  DO  poeaibllltT  of  e 
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Google 


3a  CHARLB8  QRIFFIS  4  CO.'S  POBLtOATIOi/S. 

lATga  Svo,  EkadBome  Cloth.     With  Ulnstntioai,  TablM,  ko.     21*. 

Lubrication  &  Lubricants: 

A   TREATISE   ON    THE 
THEORY  AND  PRACTICE  OF  LUBRICATION 

NATDRE,   PROPERTIES.  AND  TESTIHQ  OF  UTBHICAHTS, 


-L  IMctlon  ot  aolldi,— II.  Llqnld  TMatloii  or  VIxxMttT,  ud  nutta 

rrtottiia.-UL  aap*I1lDlal  T«nii™.-IV.  The  tteorr  of  LQbri«Hoo.--V.  LobrtiHta, 
Ibtir  Somen,  Prepumtlon,  and  Pmperllsi.— VI.  Ptml(Sl  I^pertlo  utd  HMbodi  it 
bualDKtlDii  of  LubHomU.— VII.  Chamlul  PruHrtin  ind  UaUiodt  of  lfT«rntM>tlo« 
of  LabrlcuiU.— VIII.  Ths  HTiWmilla  TatUnt  of  LabrianU  hj  Phrilal  ud  "■-— ■  "1 
ItMhodi.— IX,  Tha  MKhinlDil  TMIIng  of  LnbrlciuiU.~J[.  Tba  D«!(ii  ud  LabrloBUMi 
ofBuringa.— 21.  Hie  LubrlciClon  of  )lu:tiln«7.— IHDBI. 

"I><*tlp*dlob«om<iigLjl8no<mIhainbJBCt."_/niftuEri«a(i4/r*iL 
"Conuiui  pruUoUli'  lu.  TBiT  la  Eirovic  on  Ute  tnblKt      Dt—trm  tba  awrfal 
aMantton  at  ill  Xnftnsen.'-ilailvafi  OJMoI  Qudlt. 

FocTRTH  Bditioh.      VvTfftiiy  IllMmraUd,     Clolh,  it.  Ud. 

STEAM  -  BOILERS: 

THaiB  nmrmoTB,  icAKAaOMiiirr,  urs  aoNRTRiraTioR. 
Bt    R    D.    M  TJ  N  R  0, 

CU^  Av^iHw  tf  tlu  StettUh  Bm'trr  Innrtmtm  and  Bi^itu  In^mtloH  Cnufatij. 

OninuL  CoHTDtTi.~I.  ExrLOBion*  auxd  (i)  ky  OnrbiUiiit  of  PUlei— (•)  By 

Dalacdn  and  Onrlaadad  SaCaty  Valval— <))  By  Cormiac,  Intamd  «  ExtciiULl~^4j  By 

^_,._......  T,... ■  ^___._._.-__  .,.  .,  n...  --.--.,.  (jniirenphMnlMwiliolB; 


DWactivt  DesiEDandCciHtrucliontlliiiupporled  Flue  Tubal ;  Ucilrencllirii 
Dcfoctiva  SdvTiig ;  Scnngth  of  Riiclccd  JcinU',  FaciDr  orSar<iy}-lI.T:aH[TiiucTiaH 
VnnCAC.  Boiuna;  ShaUi— Ciuwo  PLiIu  and  Upukt  Tvbti— Max-Kolu,  Mud-Hal 
•■d  rirr-Holai— PirabHci  — MouctiDn— Muatamcnt— aeaniDi^Table  of  Bmti 
of  Sua]  Boiltn— Table  of   Rinlled  Joinie— SpKifusuau  and  Dnwwi 


10  be  otnfully  aludied,  and  ALWdLVft  at  UKllo."—CfV.  Gimniia* 
"The  bonk  i>  TEKv  uiiFUL,  eipedilly  tOKaam  UKr 


KITCHEN    BOILER    EXPLOSIONS:    WhT 

lk«7  Occur,  and  How  to  Pretcnl  theii  OccoTTCnce.     A  Pntctiod  Ilaii 
W^  bucd  on  Actual  Experimoit     With  Diagram  and  Coloured  Plmte. 


LONDON:  CHARLES  QRIFFIN  *  GO,  LIMITED,  EXETER  STREET,  STRAND. 


aSeiNEJCRINQ  ASD  MBOBAHIOS.  ]} 

In  Crown  too,  Hamlsomi   Cletk.      With  Numa-eus 
JUsatrations.     5^.  ntt, 

EHERY  GRINDING  MACHINERY. 

A  Text-Book  of  Workshop  Praotioe  in  General  Toot  Grinding, 

and  the  Design,  Oonstruotion,  and  Application 

of  the  Machines  Employed. 


R.  B.  HODGSON,  A.M.Inst.Mech.E., 

Aulhor  dT  "  Michinu  and  Teoli  Employed  in  Ihe  Working  of  Sheet  M euji.' 
Introduction.— Tool  Grinding.— Emery  Wheels.— Mounting  Emery  Wheeli. 
—Emery  Rings  and  Cylinders.  —  Conditional  to  Ensure  Efficient  Working.— 
Landing  Types  oT  Machines. —Concave  and  Convex  Grindiog. — Cup  and  Cone 
Uacbines.  ^  Mulliple  Grinding.  —  "Guest"  Univeraal  and  Cutler  Griodinc 
MochinEs.  —  Ward  Universal  Cutter  Grinder.-  Press.— Tod  Grinding.  —  Latbe 
Centre  Grinder.— Polithing.—lNDBX. 
'^Dv>]i  practically  with  otety  phase  of  hit  subject."— /mfAvm^-^r 


Fifth  EomaN.    Fcdlo,  itraoclj  half-bouid,  ai/, 

TRA.VERSE  TABLES: 

Compntod  to  Four  Plaew  of  Deelmila  for  enr;  Hlnato 

or  kagl%  up  to  100  of  Dlstuie*. 

For  the  lu*  of  Sarrerors  mod  BnirinMrs. 

>v 

RICHARD  LLOYD  GURDEN, 

Antliorued  Snrreyor  bi  tke  G*mnauBti  of  New  South  W*1m  tatt 
Victwia. 
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VOBES     BY 
ANDREW  J  AMIESON,  M.Inst.CE,  M.I.E.E,  F.R.S^ 

Fmmtrfy /W""  1^  SlKlrical  EBilmarime,  Tlu  Cl^rmamd  Waff  SatlMi^ 

FBOFESSOB  JAMIESOH'S  ASTAHCED  TEXT-BOOKS. 

/•>  iMrgt  Cr»am  tjiw.      I^Uji  lUuilrattd, 

STEAH  AND  STEAM-ENGINES.     For  the  Use  of  Students 

prepuing   for   Compecitivc   Exunindtioiu       With   600  pp., 
lUuitiatioiu    '-■■■       — 


lUuitiations,  6  Foldios  Platea,  uid  very 
Tkiktbbnth  Edition,  Revised.     8/6. 


db^l* 


...       .    rt  i*<a»rin(  nf  farailay  '^ — AiStwnrn, 

"Tba  But  Book  tM  pnliUiliBl  fer  thi  uHofStodmn."— Arv^wv. 

KAQNETISM    AND    ELECTRICITY.       For    Advanced    and 

"  Honours  "  StndenU.  By  Prof.  Jucicson,  usisted  by  David  Robertton, 
B.Sc.,  Professor  of  I  lecltiod  Lngineering  in  the  Merchant  Venturen* 
Technical  College,  BrisWi.  \_Skonfy. 

APPLIED  MECHANICS  &  MECHANICAL  ENGINEERING. 

Vol.  I. — Comphsii^;  Part  I.,  wiih  540  pages,  300  Illustntions,  and 
540  Examination   Quesiions:    Tbe   Principle  of  Work  and  iti  applick- 
tioiu;  Pitt  II.:  Friction;  Gearing,  &e.    FouBTH  EDITION.    81.  fid. 
"niiiv   HAiHTAini  tlw  rtpuuiion  of  u«  Authm."— />wi    Hmtmtrr. 

VoL  ll.—Compiuing  Parti  III.  to  VI.,  with  608  pages,  371   HlM- 
trations,   and    copious   Examination   Questions:    Motion  and  Eneq^j 
Giapbic   ^italics;    Strength    ol   Materials;    llydniulici   and    Hydiaolic 
Madiineiy,     Thcrd  Edition.     8s.  6d. 
"Will  and  mcinLV  wnjmn.'—Tkt  Xm/BHtr. 

*.■  £ut  ^lii  atrpt  Btiuma  u  ctm^tU  h  {ln(f,  and  uld  Ht*nUitf. 


PSOFE880B  JAHIESON'S  IHTRODDCTOBT  HAHUALS. 

CVmuH  Sm.     With  lUustraHtns  and  Examatation  Pmptn. 

STEAK    AID    TBE    STEAK-EOaiNE   (Elementarr 

Manual  of),    Pot  First- Year  Students.   Tenth  Edition,  Kevised.    3/6. 


MAGNETISM   AND   ELECTRICITT   (Elementary  Manual 

(rf}.     Foi  Fust-Yeai  Students.     Fifth  Edition.     3/6. 
"  A  CAPrTAL  TECT-BOOK  .   -      T^e  di«xiuiu  ftn  ui  impoHaac  itMan." — ScMtrltmmMttr. 
"A  TMOaanoHLV  TiprrwonTiiy  Tut-book.    Pkacttcai. uni dotr-'—A^a/wK. 

APPLIED    MECHANICS    (Elementary    Manual   of). 

Spcei>ll;    arnui^    for    Finl-Yeai    Stadenti.         Fifth    EDirtOM, 
Rcriaed.     3/6. 
"The  voih  ut  vaav  Htoii  guALmu,  vldcli  na 


In  Fbefabation.     300  fagn.     Crotim  Sim.     Prefuuly  IduarataL 
MODERN    ELECTRIC   TRAIHWAV   TRACTION! 

A  Text-Book  of  PrMent-D>r  Practlee. 


A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

For  the  Use  of  Electricians  and  Engineers.      Packet  Siie.      Leather, 
8g.  6d.     Sixteenth  Eiiition, [See  p.  49. 

lOMDON :  CHARLES  GRIFFIN  *  CO.,  LIMITED,  EXETER  STREET,  STRAND. 
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WORKS     BY 

f.  I.  lAGQDORN  RANKINE,  LL.D.,  F.R.S., 


■W.     J.     MILLAE,     C.E., 

gntaiy  *•  Mt  Intltittt  •/  £i<ilntrt  tut  ShlfMUm  In  BtttlaM. 


A  MANUAL  OP  APPLIED  MECHANICS : 

PrindplM  of  Stktica  uid  ClnemAtlai,  tmd  ThtQtj  of 
StonotnrM,  Uaohuium,  uid  Maohlaat.  With  NniiMRiiii  Diagmna. 
Crown  Ito,  ol«th.    Sevshtbintb  Edition.    1&.  Bd. 


A  MANUAL  OF  CIVIL  ENOINEERINQ : 

Oaiii)^Uiiig  EngiiiMriiif  Stintji,  Euihwork,  Fonndatioiia,  iSaawaj,  Ckr- 
p«irtr7,  Matad  Work,  Hoadi,  RkUwftft,  Cuuia,  Rlnn,  W&tmrorka, 
Hubonn,  iko.  With  NnmaroBs  TabU*  and  Uliutnttioiu.  Crown  8to. 
•loth.    TWBNTV- Second  Gdrioh.    Ifc. 


A  MANUAL  OF  MACHINEBT  AND  MILLWORK : 

OwBpiiilng  tha  Oaonatr]',  MoUon«,  Wark,  Strength,  CoutnuUan,  and 
Objaeti  of  IfMhlnaa,  fto.  ninatratad  wilb  naarlj  300  Woodonto, 
drawn  Sre,  aloth.    annim  Kiriok.    IS*.  6d. 


A  MANUAL  OF  THE  nrEAM-ENGINB  AND  OTHEB 

PBIME  MOVERS : 

WiU)  a  Saction  od  Qab,  Oil,  and  An  Bvaisaa,  bj  Bxtam  •Dohkqt, 
II.IiittaB.  With  Folding  Plata*  and  Nnmaroiu  lUiutration*. 
Onwn  >To,  oloth.    Fotbbiitk  Bditiom.    12a.  Sd. 

UWON:  GHARIE8  6HIFFIH  *  CO.,  LIHtTEO,  EXETER  STREET,  STRAHD. 
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PKOr.  Ramukb'i  WoiKi— ( CfMiimud). 

USEFUL  RULES  AND  TABLES: 

tai  Arahlteota,  Bnildin,  BngioMn,  Foondan,  MMluoloi, 

Sorrsyon,  Jto.     With  Affihdix  for  tha  nw  of  Elbotuoal  EvaanMaa. 
By  Profenor  Jauiwoh,  F.E.8.B.     SavMitTE  Bditioit.     IOl  U. 

A  MECHANICAL  TEXT-BOOK: 

A  Pnotioal  ftnd  Simple  Introdnotion  to  the  Study  of  MMhanio*.  ^ 
PrafMMr  Rahkinb  ud  E.  F.  Baubk,  C.B.  Wttli  NniMraai  IUm 
tratioQi.     Crown  Iva,  cloth.     F1.1TB  Bninox,     >■. 


MISCELLANEOUS  SCIENTIFIC  PAPERS. 
R<7kl  iTo.    Qeth,  31*.  6d 

Fart  I.   Papan  rating  to  Tamporatnre,  EiUatiaity,  jud  I 
Taponrt,  Liquid*,  ud  Solid*.     Part  IL   Fkpni  on  Enorgy  and  ita  Tna» 
fanuUena.    Pwi  IIL  Papen  on  WaTo-Fonna,  Propaluon  ot  VtMali,  fee. 

With  Mami^ by  ProtMter  Tait,  M.&.  Bdltodby  W.  J.  lliLUB,  OJL. 
WHh  Ona  Partnut  on  Staal,  Plate,  and  Diagrama. 

"  M.  — .  MJuriai  Kmmonti  tt fr^fiiir  Rukiiw  chM  bf  danHd  tkn  ■  1  "ii 
«H  W  iUh  ra«  in  u  uhbUi  IWw.  .  .  .  Tk*  CallliM  it  km  ^Im^  y 
■amtf  (^  v.^*.«H^  i>  I_v«<>u  ur  wTka  tlH  huh  d<*wtwM  *aUM 


SHELTON-BEY  (W.  Vincent.  Foreman  to  ths 

Impenii]  Ottoman  Gon  Futories,  ConttantiiMple)  1 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  foe  Enginawa  mi 
Artiiwu.  With  Copioui  T»bln  and  Valnable  Radpa  Ibr  PnctiaJ  Vwt. 
lUutrated.     StcmU  EdilOn.     Crown  Sto.     Cloth,  }/«. 

LONDON :  CHARUS  SRIFRN  A  GO,,  UNITED,  KETER  STREET.  8TMMI 


BttomSBHllfQ  ASD  UgOHAHlOa.  jy 

Tbibd  Edition,   Thoroughly  Revised  and  Etdarged.     With 
Additional  lUuatratioiu.     Ilandeome  Cloth. 

HYDRAULIC   POWER 

AHD 

HYDRAULIC   MACHINERY. 

HENRY    ROBINSON,    M.    iNST.    C.E^    F.Ca. 

™io*  or  »»'•  coiiMM,  urxih:  n«>.  ■k.iiitv)  or  awn.  ■hciviuiko, 

nttb  nutnetoit*  vaoo&cnttf.  atiD  stitiMilne  putc*. 


THE  PBIHCIPLES  AMD  CONSTRDCTIOH  OP 

PUMPING  MACHINERY 

(STEAM  AND  WATER  PRESSURE). 

With  Prutickl  IllDitrfttioDi  of  EsoiHBS  aiid  Pithfb  Applied  to  Hihuw, 

Ton  Watbi  Bdfflt,  Dkiirisb  of  luida,  &«.,  «1m  Eacnomj 

mnd  EUEciancy  Triali  of  Fumping  Mkohinery. 

By    HENEY    DAVEY, 

Huatur  of  Ih*  InltlCDllon  of  CItII  taglafn.  Mtmbw  of  tlw  InMltatlon  at 
HHtaukal  KnflnHn.  r.O.B.,  ho. 

OosTurra  — SmiIj  Hiitory  of  Puminng  EnfinM — Stwun  Pomping  EagiDM — 
Pnmpi  ind  Pump  ViItm — GUncnl  FrineiplM  of  Non-Kot>tir«  Pninpili( 
BogiiiM — Ths  Comiih  B&tiiM,  Simpl*  ma  Oomponnd — typaa  of  Miwijn 
■ngiiiM — Pit  7ork— 9bkft  Sinkins— Hydnulio  Tnniminion  of  Powar  ia 
IfiuM — VklT*  G«w>  of  Fninpiaii  Suiiiia — Wat«r  Frwnira  Pumpins  Ed^^bm 
— Watar  Woriu  KiuiiiM— Fnmping  Suiii*  EooDonij  and  Trial*  of  Fnmpinf 
UaeUnaTT  — CmtrUneal  and  otliar  Loir-Lift  Pamp*  —  HydnoUo  Kama. 
pQupiog  Muaa,  Ao.— Ihdix. 

"Bj  Ih*  ^ona  Eoftlih  Enftnaar  vho  protHblj  knowa  mora  aboot  PnmplBf  ICaoUdarj 

tmT."~Tlu  gmtttur. 
-OadaabtadlTna  am  urn  iioaT  ruonoAL  Ta>«iai  on  Pnmplnc  HaablMcriBis  BU 

UHDON :  CHARLES  6RIFFIN  I  CO..  LIMITED.  EXEI^R  STREET,  STRAND. 
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atm  Sm,  HoMtMu  OlaOi.     Wia  Kamtroia  IlluttnUlen  mt  TmUt.    2U. 

THIi    STABILITY    OF    SHIPS. 

■T 

SIR  EDWARD   J.   REED,   K.C.B.,   F.R.S.,    M.P.. 


la  ads  to  mida  tht  warit  complMs  for  Ihc  puipoaa  ef  lb*  Sbipboildcr,  vbatlia  H 
hiBaiiribniad,  Ih*  llMlioilm  of  C^nlidon  biDokuud  br  Mi.  F.  K.  Buiiu  Ur.Oun, 
II.  Kucu,  M.  Datmais,  ud  Ut.  Bbhjahih,  m  ail  fivn  MpHiklv,  Dliittntsd  k^ 
Tklil«  ud  weriMd-eul  oumpltt.     T1»  hoek  conuiiu  man  Iluii  isa  lS«gr«mi.  u<!  ■ 

'  Sk  BMAuftim? '  Staiiutt  or  Sh  in '  ii  iHTAi.iiAau.    Th*  Navai.  AircHincr 

■rill  kd  tviMfhl  uciUK  aad  read*  u  hu  hand,  ■  mui  of  infonutioD  whiak  ke  imiU  Mkw 
wJH  han  u  ixk  in  u  iilDual  cndia*  miser  «'  pufalicuioni,  and  kou  uf  wkicb  ha  woM 
PqhUt  Dot  ba  able  tu  obuin  it  all  aUnhBrc"— iSbuiHiif^ 

THB  I>BSiaN  Ain>  OONSTBUOnON  OF  BHIF8.  Bj  Johm 
Harvard  Bilis,  M.Inst.N.A.,  Professor  of  Naval  ArchiCactnre u  ■^* 
UniTenitr  of  Glasgow.  [In 


Third   Edition.      lUnstraled  with  Plates,  Numerous  Diigiunt,  and 
Figures  in  the  TckL     iSs.  neU 

STEEL     SHIPSs 

THBIB    OOirSTBITGTIOn^    AND    HAHTTEITANOS. 

A  Manual  for  Shlpbuildara,  Ship  Saparintandente,  Stadanta, 

and  Marina  Enginaars. 

By   THOMAS    WALTON,    Naval   Architect, 

OomVNTH.— I.  Muknlactnre  of  Oaat  Iran,  Wroogbt  Iron,  knd  3t««L— Con* 
podtioii  of  Iron  uid  Steel,  Quality,  Stren^K  Testa,  tc  II.  ClMnScktioii  at 
StMlShip*.  III.  Ooniidanboiuiamakii^clioicaofTvTWafVwsel.— Framiu 
at  Ships.  lY.  Sb»ins  aipeiiflncsd  by  Shi;>s, — Methods  of  CoiapQlid|f  and 
Oomparijig  Strragths  of  Sbiw  V.  Constmction  of  Ship*. — Altaroative  Modal 
«f  CmutntctiaB. — Typaa  of  Vessels. — Turret.  Self  Trimming,  and  Tronk 
n>»»iiiiii  II.  Axi. — lUvets  and  Rivsttiiig,  Workmaaabip.  VL  Pumpdng  Amuif*- 
menth  VII.  Maintenance. — PreTeation  of  Deteiioratuiii  in  the  Hnll*  of 
Bhipa.— Oemeot,  Pidnt,  fto.— Indri. 

■■SDlhoroiiRk  aadvsil  wrinaa  is  (Terr  Dbapter  In  the  book  ihAilt[<dl.iiatdLioMlaal 
ainraflbam  aibolng  worthy  or  sii»pl[onal  pruss.  AliOKetbar.  tbe  irorli  ii  sieallsnt,  and 
wlIljifOTaoriTMtTalae  in  Iboia  tor  <rhom  Itig  Intendiid?'— ^f  Sajriuir. 

"Ut.  WaJtoo  baswrltton  for  (be  protaiilon  of  vlitcli  he  la  n  onMHoL  HIawotk 
«1U  bamd  and  apprwilaled.  no  donbt.  bj  areiy  K.I.N. A.,  and  with  sieU  baDeOt  by  tta 
BiaJoriW  of  them."— yonriwl  a/ (ToiMuru. 


Srcond  Edition,  Cloth,  8s,  6d.     Leather,  for  the  Pocket,  Si.  6d. 
amFFpr'S  ELEOTBIOAL   PKIOE-BOOK  ;   For  Electiical,  CivU, 
Marioe,  and  Borough  Eneineers,  Local  Authorities,  Architects,  Railwif 
Contnictors,  &c.,  &.     Edited  by  H.  J.  Dowsing. 
"  Tbs  EucTiitiAL  FucB-BooK  aauoTat  au.  tmiiav  about  ilu  ton  it  Tlmiliil 
fawK.    By  tti  ud  th*  drama  that  will  ba  mtillad  by  stlUsitic  ■laoriciiy  on  a  laige  aa 
hbU  •sal*  caa  be  6iMctmni.''—Anti/Mt. 

LONDON:  CHARLES  QAIFRN  A  GO.  LIMITED.  EXETER  STREET,  8TRAKD. 


NAVTIOAL  WORKS. 

GRIFFIN'S    NAUTICAL    SERIES. 

Bditbd    bt    BDVr.    BLACKMORE, 
MMv  HarUwr,  Pint  CUn  TrlnHj  Hodm  CwtUokM,  Aanx.  InM.  VJi. ; 

AITD  WUnMB,  >1I]>LT,  t)T  BAILOU  lOr  SUIAM. 


"Ims  AoiuBLa  aiacH."— 'otfTlav,        "A  tibt  usi 

"Hi*  TOliUDea  Df  Mmsia.  OuniK'B  NautKUi  SIRm  m 

nad  lij  lu.  IntarwMd  In  out  MUieaU.  mabituk  pboobMb."- 

"BTMBT  BBS  ihoDld  h»T«  0 


iT  BOORD,  OLXABLT  PKDITED  mnd  ILLDSTKATMD."— iinfpool  Jntm.  4^  CMNaMTM^ 

The  British  Mercantile  Haplne :  An  Historio&l  8k«coh  of  in  Uu* 

kod  DtnlnoBMit,    Bj  tlia  KDiTOK,  Cm.  BLioUiauL.    S*.  Od. 

"Capuln  Blukmare*  EFLinDiD  booI  .  .  .  oodUIdi  pangnphi  m  anrj  pomi 
OtlntBnattotbe  Hsnhut  MulM.  Tba  MI  !»(«  ot  Uili  book  wv  IHI  most  vud- 
AHil  to  tha  an  oaptklu  ttiat  ban  iTim  bess  ouuiLID."— Jftntont  Smtiti  Bttitm. 

KtomAntarf  Seammnsblp.    Bv  d.  wilbon-Bakkbk,  Muur  UHinei, 

r.K.S.E.,  I.S.O.B.    Wllh   nniBUDDi   Fktai,  tiro  tn  Coloiui,  — '    ' — "-J— - 
Third   BDltlON,  Tboronghly  KavlHd,  EDltrgad,  uid  Si-ut. 


Thli  iDHnuBLi  >ii(nu,  b;  Caft.  Wilsos  Bikuk,  o(  th<  ■  >*i 


Know  Your  Own 


\r  Own  Sblp  :  a  Simple  fiiplmoaitiaD  of  the  SUibili^,  Con- 

,  Touun^aiid  ^Mboud  (/shlpL    Br  Tbob.  Wuioa,  Sonl  ArahltMt. 

Wltb  unmariHU  DIutntlaDa  tnd  addlUoul  CtuvMn  <w  BiioTmnor,  Trim,  ud 

CalsnlMfoii*.    Sevrntb  Editioh.    7a.  U. 

"  Mb.  Wum*'s  boot  iCU  be  fOuad  t»t  irairDL."— rAa  Hngittur. 


HavlntloB :  Theoretical  and  Practical.     By  D.  WiLfioK-Buxu 

uiawaLUHALLnaHAx.    Sbooxd  Editiok,  RerUed.    B*.  «d. 

..1-. .V.  ^-.   ,.  _^^  required  (or  tbe  New  CuttflcUsi  (d  « 


MaHne  Httaoroloi^j    Fo^  ^'>^  of   the  Merohut  Niivj.      Bj 


WiLLUK  AUJHiaUirVlnt  Clua  Hononn,  Niitl(>U°o> 
With  mnitnUont,  Mapa,  uid  Dlignnu,  ud  Jtutini 

"  Quit*  the  BBT  FDauuTioi  on  UUi  inbjoot."— fSk^TiiV  OowlM. 


Hononn,  Nurication,  Ssiaac*  uid  Art  MpanoMBt. 
. __.  I —    ..    [^prodnotkm  of  log  pr" 


Latitude  and  Longitade :  How  to  find  them.    By  w.  j,  Millib, 

ex.    fWUHn  KDrnoN,  KevlMxJ.    1*. 

"  CsuKit  bat  pnfn  u  koqnlalUoD  to  IhoM  itodflsc  HBrlpUon.*— JToria*  Aytmir. 

Practical  Meehanies  :  Applied  to  the  reqairametit*  of  the  8>Uor. 
SrTHoe.MioURiiB,Muuir  fauUiu,  r.a.A.a.  SBOom  Bditiom,  Xarlaad.  to.  td. 
"  Will  WORTH  thtmoDar  .    .    .  ixonDiHaLT  huptdu  "— ^(ffniv  VsriiL 


Trbronoi 


Praetlcal  Alarebra.     By  Rioh.  C.  Buck.    CompMiioii  Volnnu  to  tk* 

abOTtt  for  Ballon  and  othan.    Prlca  ila.  6d. 

"ItliJDn  TBI  BOOK  rortliafoungiallarmlDdlulDf  progrSH.  —Sautteal  M^arlM. 

Tta«  Legal  Datles  of  Shipmasters.    By  BtXMoan  Wm.  GmaBima, 

M.A.,  U.I1.,  ol  the  Ipiier  Temple  and  Northern  Clniilt:  Burlitac-at-Lair.    BWMHB 

Kditioii,  Thorough!]'  Bevlaed  and  EiiUrgcd.    PrtM  ti.  Bd. 

"  IXTAkOAiU  to  nuuMn.    ...     We  can  fully  rsoommead  lt.'—Siipiiing  SoMWi. 

A  ledloal  and  Surgrleal  Help  Tor  Shipmasters.    Inolndias  Fin* 

Aid  at  Sea.     Bji  Wm.  Johssor  flmTB,  T.S.C.B.,  Principal  Medloal  OtBoar,  Boaaaa'i 
Boapltal,  firaenwioh.    Bwwiid  BDiTion,  Thorangbl]'  BarUed.    6*. 

"SODID,  JDDIOIODR,  SHAU,T  HUPmii.    — Tta  IdHMl. 

LONDON:  CHARLES  GIIFFIN  i  CO.,  LIHITLD,  EieTER  STAEET,  8TIMII0. 
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GRIFFIN'S  NAUTICAL  SERIES. 

Introductory  Volume.     Price  St.  6d. 

British  Mercantile  Marine. 

Bt  EDWARD    BLACKMORE, 


GnniUL  CoHTKKn.— HuToucAL  :  Fnm  Ekri;  TimM  to  HW— PirjriM 
mder  Hanr;  VIII. -To  D«th  of  Mwy- During  Eli»beth'»  RBifB-'Dp  to 
the  R«ign  of  WOliun  III.^The  18th  ud  IMh  Cantnrie*— IiutitatiDii  s< 
Bxkmiiuitians  —  Rim  uid  Prop—  of  St*un  Propoliioii  —  Dsvalopmant  tt 
Ftm  TradB-Bhipiniif  L*t>*l>tioD'  IMS  to  1875— "  Loekil*;  Hftll''  Com— 
Sbi^nuwUin'  9od*tiM— Lowlinf  of  Shipi— Sbuminc  Lv^Utioii,  ISU  to  ISM— 
Bt>ti*tii»  of  ahipfotiK.  Thb  FsBaoNHCL :  SbipowiMn— O&oin— Hazinan— 
Daties  and  PnMDt  PoatioQ.  EDCiunOK :  A  SauDtn't  Edacation:  what  it 
dwalit  bo— PrMtnt  Mmu  of  Education— Histi.  Diaonun  ard  Dtrrr— 
Poatavript— Tbo  Sariooa  Dacraaaa  in  the  Nnmbcr  of  Biitiih  Saaman,  a  Mattw 
demanding  the  Attautiou  of  Uia  Nation. 

"  laT^uaraa  ud  InTancnrs  -  .  -  mky  bA  read  wira  raonr  aad  RvjoniarT-**— 
ffawm  Btrvld. 

'■  Ktht  lunai  o(  tlw  nb|aiil  li  dull  with  In  a  *t.j  whlah  abom  thai  tka  wrtMr 


Third   Edition,  Thoroughly  Jtevued,  Enlari/ed,  and  Re-tat, 
With  Additional  Jtlustratioii.     Price  6t. 

ELEMENTARY    SEAMANSHIP. 

D.  WILSON-BARKER,  Mastkr  MAtiiNCit;  f.B.S.B.,  E.R.0.8..ta,*0.t 


asREBAL    Oonurm.— The  Building  of  a  Shtpi  Part*  of  HidL  Ifaatk 


*.*  tat  eamplaia  LM  at  Qiwra't  Nautkul  Snon,  M*  p  X, 

LOUDON :  CHIIILES  GRIFFIN  t  CO.,  LIIIITED,  EXETER  8TNEET,  8TUIID. 

:  l,OOglC 


SAOTIOAL  WOBKB.  4t 

GRIFFIN'S  NAUTICAL  SBRIES. 

SsooND  Edition,  Reviied  and  lUuatrated.     Price  St.  6d. 

NAVIGATION: 

PXLKCi:-ica,i:<    aivd    t^leoxubticax*. 

Bt  DAVID  WII^ON-BARKER,  R.N.R.,  P.R.3.E.,  ka.,  kc, 

WILLIAM  ALLINGHAM, 

mitb  ftumecoua  Sllustcatlons  and  domination  iftuestlon*, 

Gknibal  Comsim.—Defiiiitiaiu — Latitnd*  and  Loogitad* — Inatnmuata 
•f  Navigatiaii — CorrMtiDn  of  Cotmu—Plaiu  Skilint: — TianrM  Suliof — D>j^ 
Work  -P»™lld  S»iliiij— Middl*  Latitude  Safline  —  M«t»ior'»  Uh*rt— 
MercAtor  aailing — Cnmot  Sulinf — Pcjatioii  hj  BMui&n — Qnkt  Cirole  9>QinK 
—Tbe  Tide*— Qawtioiu — Appsadii:  Comptn  Etmr — Nmnaniiu  UMfnl  Hiati, 
kc.  —Index. 

"  Puolntiths  kind  of  wark  nqDlrKlCorlhtNaw  dniOi^LUaof  umpaUBCTlnfndM 
troii.  SKKn'l  tUUlouMMuiflr    .    .    .    CuidtiKUi  willllaU  It  tiiTiLaiu&"-Sw4M 

Aiuiimininirr  WiusH-BiUB(Ci.ptoln^ai><iiiilaDdvU  of  the  N»tlt3i  0»UH*bBLll.a. 
1  had  cTHt  aiHrtmiM  In  th*  hjihsii  pcoblami  of  MaTlaMlMi),  ut 
hknown  writer  on  U»  Sctano*  ot  NaTlsrilloii  uit  HuIlMliktnoMT.' 


HandtoM*  Olclh.     Fully  IlUulrattd.     Prict  7i.  fid. 

MARINE    METEOROLOGY, 

FOB  0FFICEB6  OF  THE  MERCHANT  NAVT. 
Bt   WILLIAM   ALLINGHAM, 

JoIdC  AoCbor  ot  "  Hivlfntliin,  ThsoreClcil  nnd  PncUnl." 

With  nnmcrooB  Pl&tei,  Maps,  DIagrMna,  and  lUnattatioDi,  and  a  faoilmU* 
Beproductioii  of  ■  Page  from  ao  actnal  Meteorological  Log-Book, 

snmCABT   OF   OONTEKTS. 
iMTBODDnUKi.— InitnunanU  Dud  at  Sea  lor  UetMnologlea]  FniwiMi.— Uetaoio- 

Will  lAc-Booki.— ^Almnphtrlc  Pranin.— Air  Teiu[i*Tattirea.— Sea  XMupentaraa.— 
da— wind  Force  Scale*.- Hlitoir  of  tiw  Ukw  of  Stonne.— HnnlcaiM*,  lineai,  tak 

Monn  Traoki.— SolDtloii  of  tlia  CjolDn*  Problam.— Ooeu  CBmnti leebnL— (|n> 

■kRmaiii  ChirtL—Dev,  Hilt*.  Tott,  and  H*ie. — Cload*.— Ralu,  Bdow,  aiid  H*i£— 
mnce,  Bainbowi,  Corouaa,  Hiloi,  and  Hataoca.— U^tnlng,  Corponnt*,  uid  Aann*. — 

Hn^rVitli.  ~  AFFIHUII.— INDIX . 

"  qnliJ  lln  inar  pobllMllim,  »ir  omUlnlT  Uw  ■ofi  imamiire,  on  Uili  mbleM  nm 
*,'  For  Complete  List  of  OsiFnN's  Nadtioai.  Sbuib,  •••  p,  SO. 

LONDON:  CHARLES  flfllFFIH  «  CO..  UMITED.  EXETER  8TREEL  STRAND. 

.gle 


«■         OBARLK  oMtrriN  *  oo.'»  pnuoATmn. 

gBirrnrs  yAuncAL  seeees. 

Sboord  Kdrioh,  Bkvubh.     With  Nnmeroiw  niaatntiooi.     Price  3a.  Od. 

Practical  Mechanics: 

Applied  to  the  Bequirements  of  the  Sailor. 

Bt    THOS.     MACKENZIE, 

I.  ( 

by  Haohiztn -_  -,    ^ 

iMRioks  M  Bent  L*T«n— Tbe  Wh»el  and  Axl* :  WindlHi ;  Ship'i  UapaUn; 
CM)  Winob— TacklMi  the  "Old  Mui"— Tlia  IncHoed  Plus;  cha  Scnw— 
Th*  Oantn  of  QnTit*  of  a,  Ship  and  Cugo  —  Kelativp  Strength  of  Bon  ; 
Sta^  Win,  HaniUk,  Haap,  Coir— Dsmdu  aod  3heara-  Caloiilatioa  ot  tka 
Okf -bwakiiig  Btnun  of  1^  Spar— Centra  of  Effort  of  Swl>— HTdnMtatioa : 
Am  DiTln(-b«U ;  atability  of  Floating  Bodie* ;  the  Skip*!  Ftunp,  tus. 
"  Thu  nciLLKKT  BOOK  .   .    .   ooptaJM  a  Lijoa  AMOPWT  01  Intonnaltofc' 

"  WKLL  WOBTB  Uia  monay  .  .  .  will  be  found  KionDiHaLi  BaLmn."— 
nipping  World. 

"No  Shits'  OriiCBRs'  bookcabi    will    hancriortli  be  campMe  irtlko«t 
Oattaik  Hackskub'b  '  FBA<inaiL  UioBunoB.'    Notwithatuulinc  mj  atBAr 
naia'  aiptoieuca  at  aea,  it  lua  told  ma  Koitt  mueA  more  IKert  it  to  oeguirv^" —    . 
guattar  to  the  FnUiiliaTa  from  >  Master  Uaiiner). 

"  I  tDnit  iipri  my  thanki  to  you  for  the  labour  and  oars  yon  h»T«  takaa 
fa)  '  PBAcrnou.  Ubobahiov.'  .  .  .  It  is  a  LVrt'a  ■mitmcB.  .  .  . 
What  an  amoant  we  freqnantly  cea  waated  by  nKaing  pnrchaaaa  witbont  rtaat* 
and aaddanta to apwa, *c.,  to.'.  'Practical  hiohanicb'  vodld  un  all 
THD."— (Latter  to  the  Anthor  from  aoothra  Marter  Uariner). 


A  Manual  of  Trigonometry: 

With  Diagrams,  Examples,  and  Exeraiaes,    Prioe  8a.  Od. 

Sbcond  Edition,  BeTiaed  and  Corraet«d. 


•,*  Mr,  BdoI['«  Toit-Book  hu  been  hficxaI-Li  fuipaku)  with  &  tIow 
to  the  New  Biaminaitioiii  of  the  Board  of  Trade,  Id  whioh  TrigtmooMtiy 
la  an  obligatory  sabjeot. 

"TUi  BonnLT  numcAL  uid  iBUULt  TOLUMa."— MIsoIfiiailtr, 

A  Manual  of  Algebra. 


oppuniiiill)'  of  aonnlUac  >  Tuotaar.    Tiiar  an  hodkM  ttifi 
"^  tku'^the  fo 


tiia  FTiTnlamrB  rf — n     Adt  parvoD  maj  rea^IlT,  bj  rknluJ  atndy. 
.     ..__  ,__.,..._  _....._.__  ,(urt,w  m»Ui»mMI«iLl< 


„, ^ „ _UieTw)ll  bs  rDDDd  deriMHr 

MTTloaable.    TheEiunptu  and  BurdHa  are  ukao  troui  Ihe  faamliiattoii  Pvenaatflt 
tha  OiJeU  of  Ika  ■■  Worwwwir,-  _ 

■'  Olaarlr  amogad.  and  wall  gal  Dp.         ,     .    A  Bnt-raM  neneotarr  Alfetiki  — 
JfmuHml  Mafeim. 

**' FoT  eempleta  Uitof  Guvnv'BKAi-TicALBivna.aaB  p.  11^. 

LDKDON :  CH1RLE8  GRIFFI*  1  CO.,  LIMITED,  EXETER  STREET,  STRAND. 


SAVTICAL  WORfB.  43 

qBITFIN'S  WAUnCAL  SEEIEg. 

SlOOtiD  Edition,  Thoroughly  Revised  and  Eit«nd«d.     In  Crown  8to. 
Handsome  Cloth.     Price  4«.  6d. 

THE  LEfiAL  DUTIES  OF  SHIPMASTERS. 

BENEDICT   WM.    GINSBUKG,    M.A.,    LL.D.   (Caktab.), 

0(  bha  luiBr  TetuplB  uid  Nortbeni  Circuit;  Burlttat-it-Liiw. 
Suiaral  Contents. —Tha  quaMutlon  tor  Uis  Poaltlon  ol  ShEpmaatsr— Th»  Cos-  ■ 
mot  iritb  Ih*  Shipowner— Ths  Mait«r'>  Duty  In  napvot  ol  Ui«  Crsw  ■  EncunmMt ; 
^nnntlow:  DlHiplinc;  FrurlsLani,  AaadmmoiUtlon,  mil  HedloU  ComforUi  Pajnutit 
ei  Want  and  DUcharn— Ths  Maitar'a  Hatj  In  isapent  of  the  Paiasngeia— lbs  Uaatei^l 
rhiuoU  BMroailbUlllM— Ths  UuUr't  Datf  In  reapact  oC  Iba  Cargn—TIia  UtMtm't 
DotT  In  Caa*  of  CMoaltT— Hia  Uutar'a  Dntj  to  oertaln  Fnbllo  AnthorltlM— 1^ 
KutWa  Dotr  In  nlatjon  io  PlIoU,  Mfnali,  Flaaa,  and  Usht  Dow-The  UutaCa  Dotr 
wm  Arrllfl  nt  thg  Fort  of  DlMbkTga— ApHndloat  raUUis  to  eartalD  Lanl  HaWaw : 
loud  of  Trade  CarUflnataa,  Dletur  Soltek  Stowaca  of  Oraio  Ga^oaa,  Load  Ud«  Xiipll^ 
Mona,  Llfs^aTlaB  Appllaaoea,  Carriage  at  Cattle  at  Bes,  *c.,  dts.— Coploiu  Indai. 
"No  iBtaUlcant  Hular  ationJd  ftU  to  add  lliLa  to  hia  llUof  neaaaaarr 


Skcond  Editioic,  Reviaed.     With  Diagronu.     Price  2b. 

Latitude  and  Longitude: 

HCoinr    to    Find    Aliens. 

By   W.  J.   MILLAR,   C.E., 

Latt  3tcrtl*ty  le  On  IntU  o/ Snelmtri  awl  SAifiailitn  In  BaOaiU. 
"  CoflOtSILr  >nd  CUABLT  WBITTEII   .    .    .    oaimot  but  pcova  an  aoquiaitiw 

.. ._!_._ _.r — !__u.^  H     "--^nt EnginiUT, 

>T  and  usirin.,  bU[fi.b  and  olsar."— n< 


FIRST  AID  AT  SEA. 

Sboond  Edition,  Revised.    With  Coloured  Plates  and  Nnmeroo*  Illnstta- 

tions,  and  oomprinng  the  Iat«st  Regnlations  Raapeoting  the  Cairiaga 

of  Medioal  Stores  on  Board  Bhip.     Frioe  6s. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR  SHIPMASTERS  AND  OFFICERS 

IN   THE  MERCHANT  NtVV. 


n&a< 


WM.      JOHNSON     SMITH,     P.E.O.S., 

Mnoliial  Uedloal  Oflloar,  Seamen'a  HoapUal,  flrMDiHclL 
a  attaatlao  of  til  Intarealed  in  onr  UarchaiU  Utirj  Is  taqnaated  10  this  eio 


"  tonsB,  mnoiosa,  aauxr  ^aixnK.'~ni  Lmmt, 

*.*  Fof  Complste  List  of  Obotin's  Nadtioal  Siam,  ee*  p.  39. 

LONDON:  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETEIt  STREET,  STRAKD, 


44  OHARLBS  ORIFFIN  *  OO.'S  PUBLICATIONS. 

gBIJfFlW'S  NAtmCAL  SERIES. 

SiTENTa  Editiom.      Revittd,  with  Chafttrt  on  Trim,  Auoyimcy, 

and  Cateulaiiotii.     Nvmeroat  lUuttrationi,     Eandtamt 

Cloth,  Crown  Svo.     Price  7e.  fl<t 

KNOW  YO¥B  OWN  SHIP. 

Bt  THOMAS  WALTON,  Naval  Abohitbct. 


This   work   explains,  in   »   e 

mple   manner,    encli   imporl 

nbjeoU  »:- 

Stability, 

Bolliiis, 

Touuga, 

BailutiiiK, 

FrMboanl, 

Louiing, 

Homsnti, 

SliUUiit  Caigoal, 

Bsoyancy, 

AdmUiloi  of  Watar, 

Sbmb, 

Saii  Araa, 

Stnioture, 

tc,  <ba.      ' 

"  n*  Uttla  book  wiU  b*  ftrand  BZOUDUiaLT  mandt  b;  moM  offlc«n  and 
iJIwili  Maawitod  with  ■hipping.  .  .  .  Mr.  Walton'i  woA  will  obtate 
Lume  inooMa,  btMHu*  of  it*  miiqa*  fitnMi  lor  tboM  for  whcm  it  hu  bats 
writtMi."— Aippnv  World. 

"  An  sxOBLUira  womK,  fuU  of  loUd  iiutonation  and  nTAi,uuLi  to  m-wtry 
aSnr  of  th*  Uanajitila  Marina  who  hai  hii  piafeinou  at  heart." — ShijipiH^ 

"  Not  ana  of  tha  343  ufaa  oonld  waQ  be  iparwi.  It  will  admirablj  tnlfll  ila 
ptpoaa  ,  .  .  Diafal  to  ahip  ownan,  ihip  mparintuidaDta,  ihip  ilieiiilili 
■HB,  and  all  int«r«(t«d  in  ihipprnf." — Livtrptol  JeunuU  o/Camnurcc 

"  A  man  of  tixt  caxrcri.  ihtorhatioh,  aaoompauied  b;  diagrama  aod  ilhw- 
kaWtma,  ii  giTtn  Id  a  aompaot  f(nin."— /'atrptey. 

"  Wa  haTg  found  no  on*  itatement  that  we  oonid  hav*  wiahad  diffarantl^ 
aspnaad.  The  matter  hat,  bo  fai  aa  cleamMi  aUowi,  been  adminUv  «ob- 
dMaad,  and  ii  umple  ananrh  to  be  ondantood  by  araiT  eieTnin  "     ifmiwi 

BY    THH    BAMH    AUTHOR. 

StKl  SMps:  Tbeii  Constmctioo  and  Haintenance. 

(Sm  paga  38.) 
VmW:  CHARLES  QRIFFIN  i  CO.,  UMITED,  EXETER  STREET,  STRAND. 


KNOINEiiRIlia  ASD  MSOBASICS.  45 

Just  Oct.     Pipteinth  Edimon,  Thoroughly  Rmind,  Balargtd,  and  Rt*a 

Throtig/uuu.     Dtmy    Hvo,  Cloik.      With  Numermu  Ad<litionai 

liltuiraliont,  reiluetd Jrom  H'orkiiiff  Drawingi.     2li.  net. 

A    MANUAL    OF 

MARINE   ENGINEERING: 

GOHPRlSmO  THE  DESIQNINQ,  OOHSTRUCTIUM,  AHD 
WORKING  OF   MARINK  MACHINERY. 

By  A.  E.  SEAT  ON,  M.  Inst.  C.  E.,  M.  Inst  Hech.  B., 
M.Iiift.N.A. 


Ubhiral  Content9.  —  Paet  I. — PriDoiplea  of  Marme  Propnlnon, 
Paut  Il.  —  Prinoiplea  of  Ste&m  ED^oeenng.  Part  III.  — Detail*  of 
Harine  Bnginea  ;  Deiign  uid  Calculations  for  Cylindera,  Pieiotm,  Val* as, 
ExpuuioD  ValTCB,  &c.  Pari  IV.  -  PropellerB,  Part  V.  —Boilers. 
Fabt  IV. — UiscelUneoaa. 

V  Tbi>  Edition  inolude»  a  Ctispur  on    VViTku- Iubk   Uoi leu,  with  lllMtfB- 
lioB*  •!  tta*  iMdiDf  Truaa  and  (b*  lUviwd  Rolw  of  th*  Bmnma  rwUat, 

"iDthi 


oabliDi  a  SludtDt  to  laarn  t 
a.  Hr.  aaalon'i  Mannal  hj 


»f  hItiu,  with  tha  ntmnt  poiBbl*  Msnoiny,  tli*  problsmi  b*(an  tka  Uaiioi 

ItadaaC,  DrmiifhKmaii,  and  KoauiHr  will  Snd  tUi  work  Uw  Moar  TALDABLi 

aiMDMOi  ol  Refsreno"  bd  th*  MariM  Knaua  sow  in  BBrtaDec  "-Umrim  Sagitmr 


lARIM  £NeiM£EfilN6  I!UL£i>  AND  TABLES, 

Kariii*  BnglnMFs,  Naval  Arehlteets,  Dealrners,  Draaffhtsmw, 
SapeFlntendinta  and  Ot&ers. 

A.  B.  BEATON,  M.I.O.K,  M.I.Moch.E.,  M.LN.A., 

B.  M.  BOTJNTHWAITE,  M.I.Meoh.E.,  M.LN.A. 

riLl  it!  pitfte-'—Mmriiii  Bnfimr. 


Br    B.     CUNNIHOHAM. 

DOCKS:  THEIR  CONSTRUCTION  &  MAINTENANCE. 

(See  page  27.) 
LONDON:  CHARLES  QRIFFIH  &  CO.,  LIMITED.  EXETER  STREET,  STRAND. 
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WOBKS  BT  PROF.  ROBERT  H.  SMITH,  AB8oe.H.LC.E.* 

■LLILK.  ILLILI..  ILLMIoJl^  WhlL  Seb.,  ILOrd.lU|L 

THE    CALCULUS    FOR    ENQINEER8 
AND    PHYSICISTS, 

Applied  to  Technical  Problems. 

wrra  Bxruram 

oiiAJunnxD  xtsTEBsircx  list  of  iittegbaia. 

By  PROF.  ROBERT  H.  SMITH. 
R    F.    MTJIRHEAD,    M.A.,    RSc, 

ntmwif  Olvk  Ftllow  st  OlMtpn  Unt**ndtj,  ud  I>Mtiii*r  on  UtOtBrnUm  tt 
MHOn  Oollsg*. 

In  Ormen  Btw,  tteira,  imJA  Z)ia7rami  and  Foldmg-Plate.     8a.  M. 
"FMr.  R.H.Bun'ilioak  wmiMHnliMktalB  radwlnt »  h»rt  nnfl  ai  in unttan 

'IntanMlBcdUcmni,  Willi  pnetlul  llluitntlsni  or  letul  MmiTFDca.  ui  to  ba  rooDd  b«* 
U  tbnUtam.  T»»  rtxT  oohft.iti  oliuiubc  utbuicb  t.iti  wtll  pro™  toy  ncMO  tt 

MTlM  UM  Um(  of  Uhh  who  WHDt  4D  iDUtnl  iD  t  hllTT.  — ^1  XHftaw. 


MEASUREMENT    CONVERSIONS 

(Zngliflh    and   Pnnoh): 
28   GRAPHIC   TABLES   OB   DIAQBAH8. 

flhowing  kt  k  gUno*  tbe  MtrrnAL  Contsksioh  of  Uiununvn 

in  DnrxBXNT  DiriTS 

Of  ^-t"g**",  Ar«M,  Volamw,  WatgUa,  S^mmi,  Danitties,  QnanttttMi 

of  Work,  HoTM  FowHi,  Tampantursa,  ±0. 

Ftr  Ma  u—  tf  fnvfoMn,  Samfw,  AnNt^ett,  «■«  CMtrodton. 

In  4to,  Board:      7a.   fiiy. 


Wna  and  labonr  will  be  lavMl,  luid  tha  aluuiaei  of  arror  In  oklenlaMea 
dimhuifaad.  It  li  baliered  that  hancaforth  ao  BDginaa''i  Offioa  wUl  ba 
aonaldarMl  oomplata  without  them. 


:  CHARLES  6RIFFIH  A  CO..  LIMITED.  EXETER  STREET,  8TIUH0. 


ES&INBBRWa  AND  MKOSAlflOS.  47 

In  LMg*  Sto.    HandMone  CloUi.    10b.  Od. 

CHEMISTRT   FOR  ENGINEERS. 

vr 
BERTR&M  BLOTTNT,      un>  A.  G.  BLOXA.H, 

F.LC  r.O.B^  A.I.O.K^  F.La,  F.OA, 


UirXKU  OONTBHn.— iBtrodveUon-OliuuKtiT  of  tb*  OtHtl  murtal* 
of  ftanatraetioii— BoDTOM  of  Bntisr— oiiamistiT  of  BtMm-nLidnc— cnumla- 
trjr  tf  LnbrlnUMi  taA  labrloanU— VstallnrflOAl  Pioomm*  OMd  Ik  tk« 
Wlitaliis  and  Ibniifutnr*  of  KMali. 

"TiM  utluin  lun  iuoqudid  tMronl  ill  eip«UUao.  ud  hm  prodsoat  ■  •oik  wUah 
*Ml*  fin  Fuu  roiTU  W  Uu  KnilDHr  ud  Muatketnnr."— TV  nno. 

"Puonuu  TBUiw»iii  .  .  .  la  uhikuu  nxi-iDoi.  uatal  tul  oBlf  to  Btadnk, 
Mto IiiaiaMm uid Xrnuu or woiiu tn narunis  wun  ud  wimoTiis  rxoaHK^ 

^^■iiio*  •mtlii  tD  Uk>  Kiia  un  .  .  .  trntnunt  of  Uu  nbjM  cT  auMn  rn 
■uMwIulT  tood.  .  ■  .  Wuu  au  ukd  lU  prodngUoo  elnrlr  workwl  got.  .  .  .  W* 
Cum  uoomn  tbt  mrk.-— XhtooI  ■/Ah  uirMii*. 

For  Oompanion  Volume  bj  th«  same  Authors,  bm  "GaBKlBT«T 

FOB  MANUrACTDBKSS,"  p.  71. 


Works  by  WALTER  R.  BROWNE,  M.A.,  M.Inst.G.E., 

Late  Fellow  of  Trinity  CoU^e,  Cambridge. 


THE    STUDENT'S    MECHANICS: 
An  IntFodnetion  to  Ute  Stndj  of  Font  and  Hotioa. 

With  DUbtuu     Crown  Sto.    Cloth,  4(.  6A. 
"am-  la  nrle  ud  ^Kti«l  in  nttfaod,  'Tm  STVDDrr'iUKHAHiis'iacsfdiallTH  ha 


FOUNDATIONS    OF     MECHANICS. 

Paper*  reprinted  ironi  the  Bnginter,     In  Crovn  Sto,  Ii. 


Demf  Svo,  with  Nuroeioiis  Illastrationt,  9*. 

FUEL    AND   WATER: 
K  Hanual  for  Ueers  of  Steam  and  Watw. 

Psor.    FRANZ    SCHWACKHOFER   or  VlKMNl,   un 
WALTER   R.    BROWNE,   M.A.,  CE. 
ifBKAL  Cotmim. — Heu  and  CambiutiAi — Fu«L  Vuietiv  id—FiMinM  Artwag^ 
r:  Pnnna,   Flusi,  CUmHT  —  Tba  Bnler.  Choice  af—Vtxiaim  —  rttd-tmm 
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In  Orown  Svo.     Haadtotitt  Oloth.    &*. 
With  Nvmerov*  Mapt  Specially  DrawH  and  Mxeciiied  far  (Ai(  Work. 

NEW     LANDS: 

TBEIB    BESOtTBCES    AZTB     FBOSFECTITB 
ADTAITTAQE8. 

By  HUGH  ROBERT  MILL,  D.So.,  LL.D.,  F.RS.K, 

Ubnrlui  to  Uh  Roril  0»gnpU«l  SoelttT. 

Imtxodoctobt.— The  DevelapmanC  of  New  Luid>.~Tlie  DominioiUkai 
Canada. — Caoada,  Eastern  Provinces.  —  Canada,  Wealem  Provincea  ud 
Territories.— Nawftmndland.  —'\^t  United  States.— Latin  America,  Mladoo.— 
Latin  America  Temperate  Brazil  and  Chili, — Latin  America,  AJventJna. — 
The  Falkland  Islanda.— Viddria.— New  South  Walea.—<>uee)uland.— South 
Anatralia— Taamania.— Weatem  Australia.— New  Zealand.— The  BewnaciM 
of  Soutii  Africa,— Sonthem  Khodtaia. — Ihdex. 

"Pajiruiso    .    .    .    oonpun    .    .    .    or  grsai  monou.  iHinAaaa,' —  nki  AiW. 

"A  wuii  adminblj  lupplleil.  .  .  .  Hu  tbe  advutags  of  balu(  irrltUB  by  a  pr«- 
fined  Oeogrxpber."— ffu^apjUmf  Jo)trtial. 


IN  PREPARATION. 
BUILDIMG  CONSTRirCTTOM  m  WOOD,  STONE,  urn 
CONCBETK  By  James  Lyon,  M.A.,  Profesaor  of  En- 
giseerlng  in  the  Roykl  College  of  Science  for  Ireluid; 
■ometime  Superintendent  of  tbe  Engineering  Depftrtment  id 
the  University  of  Cambridge;  and  J.  Tatlob,  A.R.0.8.L 


*#•  Other  Volumes,  dealing  with  subjects  of  Frihabt 
Impoktamcb  in  the  Examination  and  Utilisation  of  Landa 
which  have  not  as  yet  been  fully  developed,  are  in  preparation. 

LONDON :  CHARLES  GRIFFIN  A  CO.,  LIMITED,  EXETER  STREET,  STRANIL 


PBO8Pa0TW&  AND  COLOmSATIOiT.  SS 

GfBIFJTS'B    "WEV    LAND"    SERIES. 

ToiBD  Edition,  Seeited.      Wilh  lUuitnUioni.     ITandtome  Cloth,  St. 

PROSPECTING  FOR  MINERALS. 


B.  HERBERT  OOX,  A8««.R.S.M.,  M. Iniit. M.M.,  F.G.8.,  ic 

ObhbKAL  CoNTENTfi. — Introduction  and  Hinta  on  Geology — Tha  Datarmiii^ 
tionof  Miseralt ;  Uaaof  tha  Blov-upe,  tc — Kiick- forming  Ulnsraliand  Non- 
Uatallia  MinanLli  of  Commercial  Vklua :  Rock  Salt,  Boni,  Marblw,  Utho- 

Baphic  Stone,  (juartx  and  Opal.  fto. ,  &c.  -Fcecioiu  Stones  and  Q«nw— 3tntUfl*d 
tpoaita:  Coal  and  One— Minerml  Veins  and  Lodsa — Irregnlar  Dapodti — 
DruamiM  of  Lodes :  Faults,  &o.— AUaTial  Deposits— Nobl*  Metali ;  Qold, 
Ptatinum,    SUyer,    to.— Lead— Maroury— Copper— Tin— Zinc— Iron— NIokal, 


0  iOOTJiKT  In  a 

ai*B  and  Luomitrle.  .  .  .  An  ihpoktart  iddttioh  lo  teebniMl  lltaratun  .  .  . 
vUl  ba  ot  tslue  not  od1]>  lo  tb*  Studeat,  bat  U>  the  aipedaocad  Pnupeotor.  •  .  ■ 
""--  — fcMIng  Tolumaact  the  Niw  Lakd  SBRns  ire  eqnsl  in  merit  to  the  Flist,  ws 
— ...._..  .^    r^,.,.., Tiifullj  Blllng  up  agsplB  eiUtlOK  lltantoi*. 

._  .  .-        •«  ■  perlent  Fadi-nintni 
idMat«llarji."~Tinmr)f  iJWea. 


With  many  Engravinga  and  Fhotograpbi.    Handsome  Cloth,  4m.  td. 

FOOD      SUPPLY. 


With  Appendix  on  Prewrred  Foodi  by  C.  A.  Mitchsll,  B.A.,  F.LO. 

Qbitxral  Contuitb.— CIifflat«  and  Soil — Drainage  and  Rotation  af 
Orops — Seeds  and  Cropo — V^etablea  and  Fmits- Cattle  and  Cattle- 
BiMdliis— SbMp  and  Sheep  Rening— Pigs— Ponltry— Horses— Tha  IMtj 
—The  Farmer's  Implementa— The  hitler's   Home. 

"  BUBTLBB  WITB  IRFOBIUTION."— PortRcrt'  GaalU. 

•r  In  tbB  Colonies,  and  who  desire  to  obtain  a  genera!  Idos  at  ttae  tma  pilDOiiiltt  o( 
fanning  In  AU.  IIB  BRAsautB."—Ji>amai  <>f  tie  Royal  Catonial  Intt. 

"Amoat  MADSBLB  and  VUCiBLB  book,  RDd  meHta  an  BXTEMBIVE  BUI."— AsMKik 

"  Will  prora  o(  urrlee  In  Am  piRtorTaii  hobld."— JTalure. 

lONDOK:  chahlis  amFFm  <  co.,  liiiited.  exeter  smEr.  STRtn 
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,       Cociglc 


OSASLMS  OBIfflN  S  OO.'S  PUBLIOATIOKS. 

Revised,  Mid  brooglit  u 
and  716  Illuibatioiw. 

ORE  &  STONE   MINING. 

Sir  C  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 


GENERAL  CONTENTS. 
DITRODDCTION.  HodaorOeai]n>eDaaof Hlnerali.— Proipeetliis.— BoPbiE. 
— Brakklnc  Ground.— SupoortlDB  £zeav>tloni.—BzplolUUon,— Banian  or 
TnMMpoFt.—Holitlni  or  WlndtqK.  —  Dralniin.  —  VentllatloD.  — LiBtatlDs.— 
DuMDt  BudAiMnt.— DrMslnc— prlnelpIatofKraplaTiiiBDt  of  MlBliiKLabaiir. 
—  LacUl^on  affMUog  HliiDi  and  Quarrlai.  —  Condition  of  the  Mlnar.— 
AMUanU,— IndBX. 

"Or.  Fona**  boakvu  upccud  ta  ba  irocH-HAKIHO,  ud  il  fiiMT  jmlifiM  wiA  ■»>■» 
•uiiB.  ...  A  yiMT  umiiAALi  icuunl  dI  Iha  Bade  oC  sccnirenc*  of  pnetiallT  au. 
■irawK  KuntAU.    Pralubly  itmndi  UHti*Ai.LiDhri»inpUl«i»«.'— ri<  JfMfif  TdinwiL 


"•ait  triMKMD  vaiK.'-^ulfrr,  Z/ulr/iT/ir  Btrf-  tmd  H 


ELEHENTS  OF    MINING  AND    QUARRYING 

(An  Introdnotor;  Text-book).    By  Sir  0,  Lk  N«te  Fostxb, 
F.R.8.     With  Qumeroua  IllastrationB.     7b.  6d.  net. 


Fifth    Edition,    Reoistd  and   Grtatlf   Enlargtd,      With   tfumrriu 
lUtUtrati^Hi,   mtttfy  ndactd  fr*m    Werlattg  Dramiitgt. 

A  TEXT-BOOK  OF  COAL-MINING : 


HERBERT   WILLIAM    HUGHES,   F.O.S., 

AMOcROT]JSdioelorHiflH.GencnI  Muncer  of  Sudwdl  Piric  CollisT. 

iJKNBBAL    CONTENTS. 

G«o)og]r.  — Search    for    CoilL— Breaking   Ground.— Sinking.  — Prelinmai; 

Opctalionl.  —  Methods  of  Working.  —  Haulage.  —  Winding.  —  Pumpiiw. — 

Venlilation.— Lighting.— Works  It  Surface.— Preparation  ofCoal  for  Matket. 

— iHDtX. 

idlallv  rtcvmniBAiJ  tha  vtiA,' —CplMtnr  GtiMrdiMtt. 

u  land  '~BirwiimtM*m 

UnDOK :  CHARLES  SRIFFIH  «  CO..  LIMITED,  EXETER  STREET,  STRMDl 


woaxa  ON  Mimsa.  57 

Tenth  Edition,  Reriied  uid  Eok^ed.     With  KDmerau  Di^pama. 

A    TREATISE    ON    MINE-SURVEYING: 

Ptr  tkt  Uff  Managtn  of  Klnm  ontf  CmllltriM,  Sbiimta 

at  tht  RayaJ  Sohool  of  MInoo,  4t. 

Bt   BENNETT    H.    BROUGH,    F.G.S-.  ASSOC.R.S.M., 

Fonaarir  laHruatoc  •(  MuM-Sumrias.  Koyil  Sckwl  ifMijii 
Gkhhual  Cohtints  -Genenl  EipUaiilons,  — Mea.u-cmcnt  of  Dlsuncs.  —  MlHit 
Diil.^Vuuusn  at  IbE  MaEnciic-Needle. _ Surreymg.—Gennan  Dili.  — Theodolite.— 
TuTcninE  UndcTKiound.— Sucracc-Suti'eys.  —  Plotling  the  SurtFy.  —  Cdculmlion  of 
Aj«s.  —  L^nllin;.  —  Mauunnff  DiiUnce»  by  Teleccope  — SeldDg-Dut.  ^  ProblnnL— 
FhDIOfraphic  Surrcyinf  — Afiptudkes. 

forlttrA&ce  unique  In  the  tlienrarc  of  this  bruch  of  mlDliv  enrio«ring(  md  ihe  prtttet  pStioii  IWy 


/n  Largt  8(w.     Tried  Edition.     iV>e«  lOt.  6d. 

Mine  AccoiiDts  and  Hining  Book-keeping. 

For  Students,  Managers,  Seeretarles,  and  otbers. 
WithJ  Exampleo  taken  from  Aetual  Praotlee  of  Leading  Companlea. 


Editkd  by  Sm  C.  LE  NEVE  FOSTER,  D.Sc.,  F.R.3. 

GzHEEAl.  CoNTEMl^.  — Introduction. — Part   I.   EDguemsnt  uid  Fftf- 

nunt  of  Workman.— Part  II.  PurohaMi  and  Sale>.~Part  III.  Wooing 

Sanmaries  and  AiuLl;aM.  -  Part  IT.  Ladger,  Balaoce  Sheet,  and  Company 

Book*.— Fart  Y.  Reportt  and  SUtiitlc*. 

THE  MINING  ENGINEERS'  REPORT  BOOK  AND  DIRECTORS' 

AND  SHAREHOLDERS'  GUIDE  TO  MINING  BEPORTS,  Bj 
Edw!N  K.  Field,  M.I.ibt.M.M.  With  Not«a  on  the  Valuation  of 
Mining  Property  uid  Tabnlattng  Reporte,  Uaeful  Tablea,  &□.,  and 
provided  with  detachable  blank  pages  for  MS.  Notes. 

complied  book  wUdi  UlDln(  Englnwn  and  Muiagm  will  Bui 


BLASTING :  and  the  Use  of  Exprosrves.    A  HaDdbook  for 

Engineers  and  others  Engaged  in  Minins.  Tunnelling,  Quanyin^,  kc. 
Bt  Oscas  Guttmaith.  Assoc.  M.  lust.  C.E.  Member  of  the  Sooietiei 
of  CiTil  Rngineen  and  ArchitMte  of  Vienna  and  Radapeat,  Corre- 
iponding  Member  of  the  Imp.  B«y.  Geological  Institntion  of  Aastrla, 
Ac.  In  Large  Svo,  with  IltoBtrations  and  Folding- Plates,  10a.  8d. 
"  Sbould  prove  avoA-mtcim  to  Miniif  Enilneen  uil  all  sDEacedin  practicsl  Hnik 

LOHDOH:  CHARLES  8RIFFIK  1  tO.,  IHITED,  EXETEB  STREET,  8TSAR0. 


S8  CHARLES  QRiFFlN  A  OO.'S  PUBLICATIONS. 

In  OrouM  Svo.     Nandtomt  Cluth      Wilk  Numerowi  lUitntnUiont. 
6$.  ntl. 

ELECTRICAL  PRACTICE  IH  COLLIERIES. 


Unita  of  Metuurflment,  (Jonductore,  &c.— The  Theory  of  the  DrnuDO.— TiM 
Drnuno,  Details  of  CDHstructioD  and  Working. — Mobni. — Lighting  Ittttall*- 
tiona  iQ  CoUieriee.  —  Pumping  by  Electricity.  —  Electrical  HauLtge.  —  Coal 
Cutting. — MiBceltatieoua  Applications  of  Klectnmty  ia  Mine*. — Indbs. 

"A  cleu  and  conclie  iDtroductEon   to  electrical  practice  Id  co1I1b4».' — Mttanf 


PRACTICAL  COAL-MINING: 

A,    UANTTAL     POR     MANAQliKS.     TTNDBR-UANAaZRB, 

OOLLIXBT    SHOIHEERS,    AKD    OTHBRS. 

With  Worktd-aat  Probltms  on  Haulagt,  Pumpioff,  Vtntiialion,  Ac 

By  GEORGE   L.   KERR,   M.E.,   M.Ihbt.M.E. 

"Ad  HII9TI1LLT  rucTictL  nciBi,  ind  CUD  be  ronadenclf  rewmmwdtd.  No  deputtaait 
ol CohI-MIdIdi  bH  bnD  OTeitoniiti.'—Knirtiuira  Omkiu. 

"Tbli  book  JDIT  ■■ng  tM  buu  of  Bluduiti  pnpulDf  rOr  tha  CollInT  MuHm'  Xnaill- 
■thHU.  I  tutg  dtddKl  lu  nw  It  Tor  onr  cIumi  Gen.  ...  We  tuTA  I  beUiT*  th*  UnMt 
mlstai  elHi  In  CreM  BriulD.'— rki  Prlt%ilpal  d/k  rrafninB  CoiUet 


M.Init.U.E.,  Aathor  of  "Practical  Coal-.Miaing. "    In  Crown  Sto. 
Handaome  Clolh.     With  200  II  Inst  rations.     3s.  6d. 


SsooiTD  Edition.      With  lltiutrationM.     Clolh,  St.  6d. 

GETTING    GOLD: 

A  GOLD-HINING  HANDBOOK  FOR   PRACTICAL  KEN. 

By  J.    0.   F.    JOHNSON,   F.G.S.,   A.I.M.E., 


Gbhksai,  CohIEnth.— Introductory  :  Froapediiij  (AUuTial  and  Gmanl}— 
Lode  or  E«et  PrOBpeotina~G«QairioloKy  nf  Gold— Auriferous  Lodas— Drifti — 
Gold  Kxtraction—Liiiviatioti — (Jalcinatiun — Motor  Power  and  it«  TraninuMioD 
— Ciompany  Formation  —  Mining  Appliances  and  Methods — Australanaa 
Mining  Regulations. 

"FtuonciiL  rrom  be^nnlng  to  eD<l  .  .  .  dasli  tboroughlf  with  the  ProspaMbic 
Slnkbic,  Cnuhlng,  inil  Kitt»ctlon  o(  goM."— Brit.  Atatralatian. 

LOHDON:  CHARLES  ORIFFIH  A  CO..  tlMITED.  EXETER  STREET.  8TRAHa 


MIt/lirO  AND  MSTALLURQT.  59 

Juar  OoT.      W^h  Nvmtrou*  Plattt,   Mapn,  and   lllialratioiu.    iU.  ntt, 

CYANIDING  COLD  &  SILVER  ORES. 

A   Practical  Treatise  on  the  Cyanide  Process;    its  Application, 

Methods  of  Working,  Design  and  Construction  of 

Plant,  and  Costs. 

Et    H.    FORBES    JULIAN, 

JUnlniudlleUlliirtlBLKnglMir:  §p«cUll>t  In  Onld :  LaUTschnbsl  AdTba-otUl* 
DiuUobe  Oold  uud  HUbtr  Bclielde  AuiUlt.  Fnnkfott-ou-llAlDe. 

I.I.O.E., 

BrcllL.  ud  SolaaltA«  pOtDU  or 
-uperlnUndtnu  Df  Hfau  >lld 


WiA  Plalei  aad  lUtutratitmt.     Sandtomt  Cloth.     7*.  Od, 

THE  CYANIDE  PROCESS  OF  GOLD  EXTRACTION. 

A  Text-Book  for  the  Ute  of  MetaJlurgMa  and  Student*  at 

Sehooli  of  Ulnae,  do. 

Bt    JAMES    PARK,    F.Q.S.,  M.Inst.M.M., 

FraftaKV  qI  IUdIde  and  Director  of  Che  ougo  UnlTcnl^  ^tiool  ol  HloM :  lat«  Dlnotor 

Thamn  Sotuwl  at  Ulnei,  ind  Gtaolo^lut  BnmiTor  uid  Mining  OsolfigM 

to  tlw  GonmmgDt  ot  Nev  Zulud. 

Third  Bmolish  Boition.      Thoroughly  Revued  and  Oreatlj  EaUrnd. 

With  additiouil  detoili  ooncsrniug  the  Siemoiu-HaUke  ftod  otW 

reoent  prooewe*. 

CoKTiKTa.  — The   MacArthar  Prooeu. — Chsmietrj  of  the   Prooei*. — 

Lebor4tory  Bipecimeuta. — Control  Teating  and  An&lysii  of  Solatioiu. — 

Appliances  for  Cyan ida  Eicraetioa.— The  Actual  Entf»otion  by  CymiidB, — 

ApplioatioD  of  the  Process.  —  Leftohing  by  Agitetioo. — ZLno  PrecipltAtioit 

oiQold.— The  ^iametu-Halilce  Proceia.— Othar  Cyanide  Prooeaiea. —Aeti- 

dotee  for  Cyanida  Poiaoning. — Cyeniding  in  New  Zealand. 

"Daaarrei  to  b*  nnked  m  unongM  tb«  WT  or  ixisniia  TauTlKm."—lliiiingJountat, 


In  CVotra  8m),     lUiulraltd,     Fancy  Ololh  Board*.     It.  M. 

COLD  8EEKINC  IN  SOUTH  AFRICA: 


By     THEO     KASSNF,R, 

Uattti.  AbUi«  of  Um  Qealoflnl  Bkatib  Hup  of  ttia  Da  Kwp  Oatd  FItldL 
I   Chapter  on   the  Agricultural  Proepecte  of  South   Afrioa. 

or  OoiniTi  —  HIilDTT.— OeolocT.— Prafp*cilii(.- 
od  S«ulUad.-Cat  of  UlniDg.Nallrs  Labour,  ti 


IMDOH:  CHARLES  GRIFFIN  A  CO.,  LIMITEO.  EXETER  STREET,  STRAND. 


OHARLMS  GRIFFIN  A  CO.'S  PUBLIOATIOlfB. 


METALLURGICAL  ANALYSIS  &  ASSAYING: 

A    THREE    YBARB'    COURSE 

FOR   STUDENTS   OF   SCHOOLS    OF   MINES. 

By  W.  a.  MACLEOD,  B.A.,  B.So.,  A.O.S.M.  (N.Z.), 

Fsnnnlr  AHlU.-DI»:toT,ThamH  Schonl  of  Hfngi  IN.Z.),  uid  L«(anr  In  OtemMTT,  TTnlnnltT 

orTumuta;  Director  of  QueeniUnd  OovaniinBiit  Scbool  of  MIdh.  Obuitn  Towen ; 

And  CHA8.  WALKER,  F.C.S., 

FonsnlT  A>lttt.-l>«nouBl»Ur  In  Cbemtltrr,  SjAvei  Vcittr^a :  Idctnnr  nChamlMir 
•nd  MeUllutn,  Chntten  lowcn  School  or  Kui» 

Part  I.  — QatliMlive  AnaLytis  uid  Prepuktioa  wad  Propertiea  of  G>w«. 
Past  II.— Qualitative  and  Qakntitatire  Analysii.  PARTlil. — Asuying, 
T*ohni(»l  AnalysU  (Oaa,  Water,  FneU,  Oili,  ka.). 

•  •  "  The  aim  al  tbia  woii  li  u>  proTlds  ths  •  indent  with  a  giaded  conru  ol  work]«adln| 
trom  SlmplB  QnmtlullTe  AnaljilB  up  In  tbs  Tectanlcd  QnantltatlTe  Methada  It  baa 
twan  apscUlT  prapand  (omwitfae  leqalrems  ti  ol  BchooJi  of  Itlnei.  and  mora  aapaeiaUT. 
of  (how  in  t£e  OolonlsB,  Ifae  iinbjici  m^lMr  )itTln«  been  Hiectad  M  ccTar  a  three  jvu^ 
Uboralory  conrsa"— e«rot<.fr<™  Aulhor'i  Prtface. 


MICROSCOPIC  ANALYSIS  OF  METALS. 

Bt  FL0RI3  OSMOND  &  J,  E.  STEAD,  F.R.a,  P.I.C. 

CONTRNTH.— Metallography  considered  ai  a  method  of  Assay.  —  Micro- 
graphic  Analysis  of  Carbou  Steels.— Preparation  of  Specimena.-'PolishiDg. 
— Oonstituenta  of  Steel;  Ferrite;  Ceiiieiititei  Pearlite;  Sorbite;  Maitensite: 
Hardeoite  ;  Troostite  ;  Au a tenite.^Ideutiti cation  of  Constituents.— Detailed 
Examination  of  Carbon  Steele.— Con  elusion  s,  Theoretical  and  Practical,— 
Apparatus  employed.— A ppbniiix. 


A  PRACTICAL  TREATISE  ON  THE  ART  OF  EXTRACTINe  METALS 

FROM  THEIR  ORES. 

By  J.  ARTHUR  PHILLIPS,  M-Ifbt-CE.,  F.C.S.,  F.O.S.,  *a. 

And  H.  BAUERMAN,  V.P.G.S. 

OimsaL  Contents.  —  Refractory  Matsriala.—  Firo-Claya.  — irnaU  kn  — 

f  iTumininm ,  —  Copper.  —  'nn.  —  Antimony.  —  Aneuio,  —  Kinn  - 

Biimuth.  -Lead.— Iron.— Cobalt  -KickeL— Silver,— Qold.— 

"01  th*  Tbibd  Editiob,  wc  are  still  able  to  say  tbat,  tM  a  Text-book  irf 
Metalloigy,  it  is  ikk  best  with  which  ve  am  acanaintad," — Jfnglmer. 

"  A  work  which  is  equally  valuable  to  the  Student  aa  a  Text-book,  and  to  tli* 
praotloal  Smelter  as  a  StandanI  Work  of  Keference.  .  .  .  The  DlnatntiaM 
are  admirable  examples  of  Wood  EngraviDr." — Olitmkal  Ifttet. 

UmDON:  CHADLES  aHIFFIII  «  CO,  LIMITED,  EXETEII  8TIIEET,  STRAlia 


MMTALLUBeiOAL  WOBKB, 


AND    ITS    PRODUCTS! 

By     Dr.     BOVEBTON     BESWOOD, 

f.B.S.E.,  F.I.O.,  Aiii)o.B.C.S., 

u.  OoT.  Men.  or  tbt  lupwUl  BniaLui  Tnhulal  Baefrtr ;  Hun.  of  Uh  Amulgu  CtanliBI 

SnoMj ;  Aarlur  to  tbt  Koin*  Offl»  uid  lo  Out  uonMntlan  af  London  iuid«  th* 

PttnkDm  Anti.  fc:.,  JK. 

AniBTKD  BT  QEO.  T.  HOLLOWAY,  F.LC,  Aaaoa  R.C.B., 
And  Numeroaa  Contiibntors. 
Oanui,  OoirmrTm— L  HlatorlokL— IL  Deoloilul  mi  Oeofnphlul  Dlatrltaatian  ol 
llroltoDi  ui  I  Nitunt]  Ou.— III.  Obemlul  ui3  PDnlMl  PiODordei.— J?.  OrUla— T. 
wlu»l<>n._V[.  HaUDluc.— VU  Tho  Bta&ia  Oil  KodAlUad  IndnitdH.— TUL  Tnatpon, 
ongo,  Kod  uiitrlbutioB.— IX.  Tsstlng.— X.  Anpllmlloii  ud  0a».— XI  LocUlilioo  M 
omB  nnd  Abnwd.— ZIl.  Stailitioi  -  bipu. 
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A     HANDBOOK     ON     PETROLEUM. 

FOR  INSPECTORS  UNDER  THE  PETROLEUM  ACTS, 

And  for  thoM  engaged  In  the  Storage,  Tranaport,  Distribution,  and 

Indiutilal  tJM  of  Pstroleura  and  Ita  Products,  ajid  of  Oaldnm 
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'«.-T.  FlMh  point  lof  hn  TMt,-VirTt« 
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THB  PBTROLBUM  LAMP :  Its  Choice  and  Dss.    A  Ooide 
to  the  Siie  Employment  of  Mineral  Oil  in  what  is  oommonly  tettoed 
the  Paraffin  Lunp.     By  Capt.   J.   H.  Thomsoh  and  Dr.   OOYKBSOVi 
Rkdwood.     Popular  Edition.  Illuitrated.     la.  net. 
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An  Introdaetion  to  the  Study  of 
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nwPniianUon  ol  Ore,— The  Vat  Proem.— The  Barrel  Procos.— Chlortnatlon  FracUae 
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— Btamp  Battery  Practice.- Chloral 


"Tha  H< 
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Orea,  together  with  Desoriptions  of  Plant,  Machinery,  and  Proceaaes  id 
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Wh.Se.,  AmocR.S M.,  AuocM.Init.C.E. 
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Bt  F.   W.  HAREOED,  ASSOO.R.S.M.,  F.I.O., 
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THB   MXCBANICAL    TREATMEST    OF   STBBL. 

Bt    J.   W.    HALL,    A.M.Inst.C.E. 
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Bt  THOMAS   TUKNER,   Aaso<}.K.S.M.,  F.I.G, 
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A  DKUOHTrnL  BOOK,  ginDi;,  aa  it  doaa,  raliabla  infoimation  on  a  antijaot 
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A  THEATISE   ON 

ELECTRO-METALLURGY: 

bnbnMUig  the  Applicwtioi]  of  ElectrolyiU  to  the  PUting,  Deponting, 
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With  Kumeroni  Ulnitntioni  and  Three  Poldinji- PUt«*.   [Ai  Prat. 
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Tbe  Art  of  tbe  Goldsmitli  and  Jeweller 

A  Haaual  on  the  Hanlpulatloii  of  Sold  and  the  Hana- 
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Bt    ELEANOR     HUGHES-GIBB, 

Author  <a  Bnt  Manlt  Uw  and  Wtrl. 

"  A  luoBt  UlUa  Inlrsdnollni  lo  Ibi  Hudj  of  Fkonn."— /mh-imI  •/  JMimf . 

"IIM book  will  •flord  rul  udituH  to  tboH  who  sudorlTapleuanfnailfetMair  vt 

UHXM:  CHARLES  SIIFFIK  i  CO.  uaiTED,  EXHER  STREET,  STIARD. 

:  l,OOglC 


OHEMISTRT  AND  TBCHNOLOGT,  JJ 

JuBT  Out.     With  Four  Folding  PUtes  aod  Kuraerons  lUnitratiotiB. 
Large  8vo,     8b.  Od.  u«t. 

WATESR     SUPPri'y: 

A  Practical  Tnatitt  on  tht  Sileetloit  of  Sourctt  and  ««  DMrlballm  of  Water- 
Bt  REGINALD  E.  MIDDLETON,  M.Inbt.C.E.,  M.Inht.Mjich.E.,  P.ai. 
ABnmaap  ConTRyrs.— Iiuroilucbir;.— BequlremeDtB  aa  to  QualiLy.— SamilniiianU 
U  to  QuinHty.— 8tor»ga  aoaarvotr..—PurIflgation. —Beryl™  R*B«»olf».— The  Flow 
ol  Wgtur  through  Pipei.  -  DlitribuUng  Byitemi.  —  Pnmplng  MdchlDM.  —  Bped»l 
Eequlrcmenu.  

Tried  Editioh,  ReviMd,    Fally  Illuitnted.    Al  Prttt. 
THE   CHEMISTRY    OF 

OJLS      IffAM'TTFACTXTRS  : 

A  Hand-Book  on  the  Produotian,  Pun'fiaation,  and  Testing  of  Illuminating 

Sua,  and  the  Atnay  of  the  Bye-Pmduota  of  Qaa  Manufaoture. 
By  W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.I.C.,  P.O.S., 

EormBlr  BHd  Ohamlit.  Gu  Workl,  fiKkton,  London.  S. 

Gkniril  Contbhts. — I.  Rsw  Uftteriala  for  Ou  Manafkotnn. — II.  Co«l 

Qu.  —III.  GarbnretMd  Watar  Gu.-— IV.  Oil  Ou.— T.  Eariebing  br  light 

Oil*.— VI.— Fin»l  DetaUi  o(  Mannfaotiire.— VH.  Ou  AMljriB.— Vni. 

Photometry. — IX.  AppllcationiofQu, — X.  Bye-Prodnota. — XI.  Aoetylena. 

"The  BIST  WOHE  of  its  kind  which  we  liave  ever  had  the  pleMon  at  r»- 

yUwaie'—Joumai  of  Go*  Lighting. 


With  Dltigrams  and  lUustrations.     Es.  net. 

THE    PRIHOIPLEB    OS"   ITS    QENBRATION    AND    USB. 
By  F.    H.    LEEDS,    F.I.O.,  F.C.S., 

Uember  of  the  Society  ol  Public  Anmljeti  and  of  tlie  Acetylene  AhocI&Uod; 
And    W.    J.   ATKINSON    BUTTERFIELD.    M.A.,    F.I.C.,    F.C.S. 

Coainlling  Chemlat,  Author  ol  "  The  Cbemlitrj  of  Ou  BfuiDficture." 
Ourul  Uomim.— InlroJnctorv.— AdTUDliigsa  o[  Anelrleae  uid  other  Illqminftntg. 
Ohemlilrf  and  PhyHlct.  — Uenenl  Principles  at  Aoetvlene  (leaemloa.  —  Cho!»  of 
Oeoermtor.— )ilataUi7  BuulMloaB.— Treatmeut  ot  Acelyleae  »twr  Oenenllon  — (i^ner 
ProperUei,— Meins  and  Sorrlee  Plp<n.— SnbedlUry  Apparmtm.— BarnBm— lTi.»ndiui™i 
D n...,—  ._... —^  Motora  -  Owbnrjued.  Oompn 


Just  Out.     Large  8vo.     Handaome  Cloth.     Frioe  I69.  net. 

FIRE    AND    EXPLOSION    RISKS. 

A  Handbook  of  tXa  Ottectlar,  IntttltatlaH,  and  Preoentlm  of  Flnt  and  Explttlont, 

By    Dr.    VON    SCHWARTZ. 

Translated   from   the   Reviaed   German   Edition 

Br  C.  T.  C.   SALTER. 

Abbridoed  OiHSBAi  CONTSHTS.— TlrsB  Bod  Eiplosloni  of  H  Oaneral  Chuactei.— 
Duwen  uiiiog  from  Sourcea  of  Light  uid  Heat— bengeioiu  Quel.— Blikl  AttODdloE 
BpeSsl  Induatrlai.  —  Materlala  Emplajred.  —  A^cnltunl  Product!.  —  fata,  OOa,  and 
Sealoi.— Ulneral  Olli  and  Tar.— Alcohol.  Ac.— Metala,  Oildet,  Adds,  Ao.— Ughtulng 
Ignition  Appllancet,  Flreworla. 

LONDON:  CKARLE8  QRIFFIN  A  CO..  LIMITED,  EXETER  STREET,  8TRAND. 


78  OBABLMS  QBIFFIS  S  OO.'S  POBLIOATIONM. 

Tenth    Edftiok,  ReriMd.     Hrke  Aa. 

PRACTICAL  SANITATION: 

*  HAMD-BOOK  FOR  SANITARY  INSPECTORS  AMD  OTHERS 

INTERESTED  III  SANITATION. 

By  GEORGE    REID,    M.D.,   D.P.H., 

fMim,  Mrm.  CnmtU,  mid  Sxmmmtr,  SmnUmrr  ImMhiU  ^  Grmt  JHfM, 
•mi  MtJItmt  OJUir  tt  M(  St^finlMrw  Cmmiy  Ci— Jt 

tnitb  an  BppenOft  on  Sanftats  Xaw. 

By     HERBERT    MAN  LEY,    M.A.,    M.B,     D.P.H., 

attJIfmlOJLf  ifM^mUkM  ti'  Ctmmty  Brrti^  t/  Wat  BummUA. 

GiNBBAL  COMTiim. — IntTodacdoD — Water    Snpi^i    Drinkiiu    Wata, 

PoUntioii    of   Watw— VantlUtloti    uid    Wamung  —  Piindplct    of    Semft 

Rmoral  —  Dctaili  of  Dnunaga  ;  Raftua  Remoral  and  Dino*l — Sanitan 

__,  .__._..__„,..__.    .__., ,,_.,._     '  ™  anb«/Work— Howa 


MiitiCi  of  Good  Maat;  ._     .    . 

Appendix  ;  Sanitai;  Law ;  Hodcl  Bjra-Lain,  Ac. 
"  Dr.  Rad*!  lery  oisfUl  Manual     .     .     ,     AKHTMIM  IM  nuUTncAI.  DcrAtL." 

—Mriluk  MiHtal  JmrmiL 
"Atkkt  vuful  Handbook,  with  a  t«(T  omAiI  Appandlx.    W«  reeoiawd 
_._>_.- o.„™.__  I . —  -Q  Hop«MOi,nwi  and  all  inieriai 


COMPANION    VOLUMB   TO    RBID'8    SANITATION. 

In  Cromi  8vo.    Handsoinc  Cloih.    Proliuely  IllnstniUd.    St.  6d.  net. 

Sanitary  Engineering: 

A  Pnutleal  Manual  of  Town  Drainage  and  Sewaga  and  Rofuta  OlaponU. 


FRANCIS    WOOD,    A.M.Inst  C.E.,    F.G.S., 

Bonugh  £DEUK«r  ud  SurveroTi  Fulhun ;  UtA  Borough  Etj^iDeeTi  Baoip,  Luica- 


OEHBRAL  OONTEHTS. 
IvtroducdaL.— Hydiaulio. — Vvlocily  ot  Water  in  Pipu. — Earth  Prtuard  and  Reuinii^ 
WaUl— Powen.— ^ouia  Dninig*.  -  Land  Dnjiuge- — Scweit. — Sepanu  5yiteDi.~S«vic« 
Piim[ui(.— Sewer  VeDtiluioa.— Dniuage  Artu.~S*w«n,  MantiDlei,  &c— Trade  Refiue. — 
■ewit*  Ditpool  Worich— Bactektolvsi>^— SIudEC  Diipatal.—ConUrucdon  mii]  aewiiiBg 
•fSvwan RciiiH  Dupool.—Cbimnert  and  ysuDdalioiu. 

■*aTKfp<ca.  b«[:mddei:«d  u  COHPLBTR    -        .    COUhRHD4BLV  CAi/rmus    ,    .    ,    DrTaB«WG 

lOKDOK:  CHIRLES  GRIFFIN  <  CO.,  UUITED,  EXETER  STIIEr,  STRIWD, 


aSMMIBTBT  AND  TWCSlTOIiOOT.  T9 

VOL.  I.  Now  Ready.    In  Half  Morocco,  24s. 

Jn   Taia   Vaiuma,  each  comfUtt  in  iUelf. 

PHYSICO-CHEMICAL    TABLES 

FOB  THE  USE  OP  ANALYSTS.  PHYSICISTS,  CHEMICAL 

MANOFACTDBERS,  AHD  SCIENTIFIC  CHEHISTS. 

Tolome  I.— Chemical  Englnfleiing,  Physical  ChemlBtry.  \Ju»t  Ovi. 

Volnme  11^— Chemical  Fhyslca,  Fore  and  Analytical  ChemiBtt;. 

By    JOHN    CASTELI^EVANS,    F.I.C.,    F.C.S., 

SnpflnDCendail  of  the  CbeniiCBl  I^baratorics,  and  Lfcturvr  on  Inarsanic  Chemutry  koL 


MeuUurg7  >I  Ihc  (Embury  THzhnici]  CollegE. 
:h  Bud  experuveiital  Ld 


iiAbhahed  bf  ex|Kriinci 
1e  Co  atL  eii^f«a  in  me 


Ike  Work  compnluiuli  ■■  fir  u  pcwiblc  all  hiilh  and  tailu  nqaind  bjr  ll 
AwItWi  BnwR,  Dinillcr,  Add-  ud  AlkaL-Hanubnunr,  &c,  &c  ;  ud  idH  (b*  pri 
cijiiil  dau  in  THUuo-CHiHihTiiy,  ELicTBo-CHimtsTav,  niul  the  niimu  bnoclwi  i 
Chbmicai.  Phtiics.  tMtrt  pouible  care  hu  been  uken  to  euun  parfad  accunCTi  u 
W  isduda  tha  nulla  af  Ihs  moil  nccnl  inKidcalioiu. 


1%  Large  8vo.     Handtome  Oiolh.     BeatUifidly  lUtatnUtd.     With 
ftattt  and  Figwa  in  the  Text.     21*. 

Road  Making  and  Maintenance: 


With  am  Hiskibioal  Sxbtoh  or  Anotiht  trro  Modrbk  Pkacikh. 
By  THOS.  AITKEN,  ABBOcM.Isar.O.E., 

KamlWT  ot  Iha  Aamilatlaa  of  Hgnlolpal  and  OodhIt  Bnx^aura ;  Kembor  oT  Uu  Bulwr* 
IiuL;  BamTortoLhaOagaijOaiinallorrlta,  Oapu-DLriilaa. 

WITH  MUMEItOUS   PUT£B,    DIABHAMS,    AHO   ILLUaTKATIOKB. 

Comunfl. — Hiitorioal  Sketch. — B«aistui(»  of  Tractioo. — LkyinK  ant 
Naw  Bokda.  —  EartbiTorlu,  Drainage,  uid  B«tftiQing  Walla. —  Boad 
Uateriali,  or  Metal. — Qnarrying. — Stone  Breftking  and  Hanlua. — Road- 
Rolling  and  Soarifying. — The  ConatruotioD  of  New,  and  the  iMUiteiiaiioa 
of  axiating  Eoadi. — ^rriage  Waya  snd  Foot  Wayi, 


UNDOM:  CHARLES  GRIFFIN  \  CO.,  LIMITED,  EXETER  STREET.  STRAND. 


8o  CHARLES  GRIFFIN  d,  OO.'S  PUBLIOA  TlOlfS. 

Third  Eoitcon,   Revised  and  Enlarged.     Witb  lUustrationi.     lis.  6d. 

Painters' 
Colours,  Oils,  &  Varnishes: 

A    PBAOTIOAIi    n&NDAI.. 

Bv    GEORGE    H.    HURST,    F.C.S, 

Uunber  nrihe  Sodeiy  □fCfaemiciL  Indiutrr ;  Ltctunr  oa  ths  Techwdncy  of  Faiaun' 
Coloun,  Oils,  Aud  VuhuImi,  the  MuniciTul  Tcduucal  Stjuwl,  UoncHqtBF. 

Gbhiral  CONTEim.— Introductory— The  COHPOEixrON,  UAtmrACTUKK, 
AS3Ar,  and  Analtits  o(  Pigments,  While,  Red,  Yellow  and  OrangE,  Gicea, 
Blue,  Brown,  and  Block— Lake* — Colour  ana  Punt  Machiuerjr— Painl  Vafaide* 
(Oils.  Turpentine,  &c.,  Ac.)— Driers— Vaknishm. 

"  A  THOiDDciHLT  rucTiCAi.  book,  .  .  ,  llu  onLV  Bncliib  woik  that  nti^actontr 
B«M  of  the  mMnahaare  of  4iiit,  colcwn,  (nd  Titmaat.'—Ciimiiml  Tru-Uf  7>ma/ 

",*  For  Mr,  Hdkst's  Garment  Dveing  and  Cleaning,  see  p,  84, 


In  Crown  Svo.     Handsome  Cloth.     With  Illustrations.     5s. 

THE  PAINTER'S  LABORATORY  GUIDL 

A  Student's  Handbook  of  Paints,  Colours,  and  Vajmishes. 

By  GEORGE   H.    HURST,  F.C.S.,  M.S.C.I.    . 


Involved. — Oilsuid  VariLitheft. — Properties  oFOil^  pnd  VunLihea. — Teuiand  EjcperimcD 
— Pluitl,  Melhodl,  and  Machinery  of  the  Paint  and  Varnish  Manulaclura. 
TIlit  Wtrkkaiim  driifnrdir  the  Anlho'/rr  Ihr  LabBralmry  of  thr  Ttchnical  Scfuiol,  a 
tftla  Paint  itnd  Celmtr  Werhi,  and  far  aU  iHUrrtlwd  sr  infnitd  in  Uuit  indntlriti. 


SacoND  Editioh,  Raviied.    In  Crown  8to.  extra.   With  Numeroiu  Illiutrft- 
Uona  and  Platei  (tODW  in  Colonn),  inolnding  Original  Deaigns,    12*.  6d. 

Painting  and  Decorating: 


By    WALTER    JOHN    PEAROE, 

aCMlSSAI.  OONTBHTS. 
IntrodnntioD— Wnrluhop  and  Stores — Plant  and  Applianc«a — Bnuhss  aad 
Toola- Materials  :  Pi^snts,  Driers,  Painters'  Oils— Wall  Hangings— Paper 
Hannng — Colour  Minn^ — Dirtemjwring — Plain  PMnting — Staining — Varmsfa 
And  Vamiahing — ImitatiTB  Fauttmff  —  Qruniag — Maroliiig — Gil^unff — Sucd- 
Writins  and  Lettering- Decoration :  General  Principlei~DM»ration  in  Di>- 
tampar — Fainted  Deooration — RelieTo  Deooration — Oolonr — Ueaanriag  and 
Bftunating—  Coach-Painting — Ship-Painting. 

"A  THOROUaSLT   CSEIUL   BOOR     .      .      .     OOOD,   aOUND,   PBA<rn0AI  IflfOK- 

KATion  in  a  clear  and  coNCiai  rcBM."—Pltimber  and  Dteorator. 

"  A  TH0R0t)Oin.T  OOOD  AKD  HILIABLI  TCXT-BOOK.      .      .      .      SO   rULL  and 

OOMTLITI  that  it  would  be  difficult  to  imacine  how  anrUiing  farther  eoold  b« 
added  about  the  Painter's  craft  "—BuUcUri  Joumat. 

LONDON:  CHARLES  OtlFFIN  t  CO.,  LIMITED,  EXETED  STREET,  STipO. 


CHMMiaTSr  AND  TMOBSOLOQT. 


In  Large  8vo.     Handsome  Clolh.     With  4  Plaies  and  Several 
Illustrations.      16s,  net. 

THE  CHEMISTRY  OF  INDIA  RUBBER. 

A  Treatise  on  the  Nature  of  India  Rubber,  Its  Chemical  and 

Pbysleal  Examination,  and  the  Determination  and 

Valuation  of  India  Rubber  Substitutes. 

Including  the  Outlines  of  a  Theory  on  Vulcaniaation. 


CARL    OTTO    WEBER,    Ph.D. 

Abstract  of  Contents.— Introduction.— The  Chemistry  of  India  Rubber. 
—The  Examination  and  Valuation  of  India  Rubber.— Examination  of  India 
Rubber  Substitutes. — Inorganic  Filling  Mai erials. — Vulcanisers  and  Sulphur 
Carriers. — India  Rubber  Solvents. ^Colouring  Matters  and  FigmcEt  Colours. 
— Constructive  Components  of  India  Rubber  Articles.  ^Analysis  of  Manu- 
lactured   India   Rubber. — Sanitary   Conditions   in   India   Rubber  Works. — 

the  phyiical  propenjes  it  a  complete  risumi  of  every  ihinf  known  to-day  on  the  Bubjecl."^ 
In^a-mUtT  Jturmil. 


OILS,  FATS,  BUHERSA  WAXES: 

7H£IR  PREPARATION  AND  PROPERTIES,  AND  MANUFACTURE  THERE- 
FROM OF  CANDLES,  SOAPS.  AND  OTHER  PRODUCTS. 


C.  R.  ALDER  WRIGHT,  D.Sc,  F.R.S., 


Thoroughly  Revised,  Enlarged,  and  in  Part  Rewritten 

Bv  C.  AINSWORTH  MITCHELL,  B.A.,  F.I.C. 

"Di.  WatcnT**  work  will  be  Ibiuii]  AnOLUTKLT  ihdiipdiuii.i  hy  •nry  Ouailn. 
Taaiu  with  hifonutloo  ntuUe  alike  u  the  AhmItiI  ud  tkt  Ttduiica]  rhiMJit  ' 
r*f  Ammlfti. 

"Will  nnk  H  tka  STaHDAim  Bhouiii  AtrrHomTr  «  Oil!  axl  Fats  it*  mmv 

LOKDON:  CHABLES  SRIFFIN  «  CO,  UWTED,  EXETER  STREET,  STRAIUl 


OMAkLKI  OHiretN  A  OO.'B  PUBLlOATtOSa. 

THE  TEXTILE   INDUSTRIES. 


In  Two  Largi   Volamen,  920  pp.,  with  a  SuppUmmtary  Voltimt, 
taiUaining  Sptcimxni  ^  Dyed  Fabric*.    45*. 

A    MANUAL    OF    DYEING: 


B.  KHECHT,  Pb.D.,  F.LC.  CHB.  BAWSON,  F.I.C.,  F.CS., 

&|4  dT  tba  0V«h1At  aod  DnUiK  DtoaMtamX  ti         IaM  H^  at  tb  ObwlAr  and  Dt^u  I>nv1HMA 

And  RICHABD  LOEWEHTHAL,  Ph.D. 

QkiTBRU,  CoNTRMm.— UhemioM  TMbttologr  of  the  TaztUe  B^rioa— 
WtUr— Wuhing  Mid  Blouihlng  — Aoida,  AlkBlia,  MordaDti  — Nkterkl 
Coloniliie  M>tt«n— ArtifioUl  Or({uiio  CkilDnriog  Mktton— Minarkl  Colom 
— tlKshfnsryniMl  in  Dyoias — Tinotorial  Pnipertiea  of  Coloariiig  Matton — 
Aiulyjl*  knd  y«liution  of  Materiala  uied  in  Dyeing,  Ic,  &C. 

"Tfat  aon  TU.II1IU  ud  ninin.  wobk  od  ^bIoc  Uiftl  hu  ;■(  ippHred  In  th«  Ea^to> 

"ThlmthorltttlTenndeitiinutlKirark  .  .  .  tta*  iiot  oonFun  wa  Iist* nt  imb 
w  Uh  nblML-— IWMK  iTomir'uiunr. 

"  llM  Hoat  ■iiiimiTi  lod  oonrLRi  vou  on  it»  ubjaci  •lunL'— nxMIi  AhtiIw. 


CompAKHXt  Foiittn*  to  Knecht  i  flftuMOB'i  "  Dyting."    In  Largt  So*. 
HandtOTut  Cloth,  Library  Stytt.    16i.  ntt. 
A.   DICXXOITAXK^y   OF 

DYES,  MORDANTS,  &  OTHER  COMPOUNDS 

USED  IN  DYEING  AND  CALICO  PRINTING. 

wit*  Ftrmulm,  Pn/iartln.  anif  Appllemltna  of  tkt  earloui  lulatajint  dmrlbia, 

and  cancitt  dlnctliun  for  thtlr  Commtrelal  ValuaUoa, 

and  for  tht  Drttetlon  of  Adulttraittt. 

By  CHRISrOPHER  RAW80N,  F.I.C.,  F.C.S., 


WALTER  M.  GARDNER,  F.O.8., 

HaadgftbaDeputniantof  ChemlitrriDd  Drclne,  Bndrnrd  KunldiMl  Tiiclink«l 
Editor  of  the  "  Jnim.  Bk.  l»en  m6  ColimrliU : ' 

And  W.  F.  LAYCOCK,  PhD.,  F.CS., 

"Tttm  to  the  book  HaeuQ  may  dh  anjinbject,  oruiy  aabatuioa  In  ooiiiiaod<._  .._  _ 
trada,  had  »  rafarance  Is  anra  tv  be  foutd  Tba  mthora  bbva  apparmtlT  kaft  Dotblnc  om 
ConaidaHnif  iha  tmmonfta  MQoar.t  ot  Inrornkllon.  tha  book  la  %  obaap  ooa,  and  va  tmit  b 
will  ba  Hidaly  appraolitad."— ruKIt  Iterturt. 

LOHDOH:  CHARLES  GRIFFIN  &  CO,,  LIMITED,  EXETER  BTREET.  8TRAIU. 


TBB  TEXTILX  INDUaTMlES.  %t 

In  Large  Svo,  Ifandaome  Cioth,  ailh  iVtinierow  Iliunrationt.      9>.  HA 

TEXTILE  FIBRES  OF  COMMERCE. 

A    HANDBOOK  OF 

The  Ooonrrenoe,  DiHtribution,  Preparaticm,  and  Indiutrial 

ITBeB  of  the  Anitn&l,  Vegetable,  and  Mineral 

FrodaotB  naed  in  Spinning  and  Weaving. 

Bt    WIIJ:JAM    I.    HANNAN, 

Lealnriir  on  Bonn j  u  the  Aahion  Mnnl^p*!  TtclinlBil  Sobool,  L«gtnnr  oa  Cdkoii 
Bplnning  11  Ibe  tlbarlaj  Salsnee  tni  An  SohooX  to. 

Wltb  Nnmeroua  Photo  EngraTliigB  from  NstuM, 

*  The  anbjects  discosaed  in  this  volume  are,   in  order   to   f>cilit>t« 


work  m*y  thoB  be  reganied  a „._,  _.   

the   work  i«   the  wealth  of  botanical  d«aoription    which   accompanie*  th* 
Beotion  dealing  with  V^etabla  Fibres.— /'uMuAcri'  ifott. 


TEXTILE    PRINTING: 

A  FBACTICAL   HAlTUAIi. 

Inclnding  the  ProceBses  Uud  In  the  Prlntinf  of 

COTTON,   ^yOOLLEN,    SILK,    and   HALB"- 

SIIiK  FABRICS. 

By  C.  F.  SEYMOUR  BOTHWELL,  F.C.S., 


Id  La^e  8to,  with  Illuitrationi  and  Printed  PattGnu.     Price  311. 


OdSRAi.  CoNTBHTd. —Introduction.  — The  Uaobinerr  Used  in  Tartil* 
Printing.— Thickener*  and  Mordaate.— The  Frintingof  Cotton  Goodl.— Th* 
Steam  Style.- Colours  Produced  Directly  on  the  Fibre.— Dyed  E'   ' 


ColonTiDgB,  4c— The  Printing  of  Woollen  Good*- The  Printing  of  Silk 
Ooodi.  —  Praolical  Heoipes  for  Printing,  —  Appendii.  —  Usetttl  Table*. — 
Fatterni. 

r  r.i  imi  m        ui  i  .        t         i  on  tittiu  msrara  w   ^j  ^  ,„„tt,iiy 
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